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CHAPTER  I 


INTRODUCTION 

In  September,  1971  Stephen  F.  Austin 
began  a  project  to  survey  the  environme 
inpact  of  water  resource  development  act 
tor  the  Trinity  River  by  the  u.s.  Ar 
initial  study,  pertormed  through  U.s.  Arm 
63-72-0005,  consisted  of  two  phases:  the 
survey  of  the  site  of  the  proposed 
Reservoir  and  the  second  phase  was 
reaainder  of  the  river  from  Fort  Worth  to 
the  proposed  W<:llisville  Lake  below  l 
report  of  the  first  phase  ('‘Environment 
inpact  of  the  proposed  Tennessee  Colony  R 
River,  Texas",  5  vols.)  Was  submitted  to  t 
on  January  31,  1972.  The  final  report  for 
initial  study  ("A  survey  of  the  environaen 
resources  of  the  Trinity  River",  398  pp) 
September  1,  1972. 
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The  environmental  and  cultural  surveys  indicated  the 
need  for  in-depth  studies  in  order  to  provide  more  complete 
data  for  water  development  plans  on  the  river.  On  September 
1,1972  Stephen  F.  Austin  State  University  began  in-depth 
ecological  studies  under  the  terms  of  U.S.  Army  contract 
DACW  63-73-C-OO 16.  The  general  objective  of  the  study  was 
to  provide  a  base  of  scientific  data  to  be  used  in 
evaluating  the  ecological  significance  of  future  water 
development  plans  on  the  Trinity  River.  To  accomplish  this 
general  goal,  the  following  specific  objectives  were  set 
forth: 

1.  To  determine  the  degree  of  existing 
eutrophication  and  water  pollution. 

2.  To  study  ecological  factors  influencing 
the  distribution  and  abundance  of  fishes, 
birds,  and  mammals. 

3.  To  describe  and  analyze  representative 
plant  communities. 

4.  To  describe  and  analyze  terrestrial  and 
aquatic  macroinver tebrate  communities. 

5.  To  locate  geological  structures  of 
ecological  and  economic  significance  and  to 
analyze  their  present  and  potential  effects 
on  biotic  communities. 
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6.  To  analyze  certain  lignite  deposits  for 
heavy  metals  and  sulfur  and  analyze  their 
potential  effects  on  biotic  communities. 

The  Trinity  River  Basin  is  easily  delineated  from  its 
surrounding  land  areas  and,  at  any  given  time,  is  occupied 
by  a  particular  grouping  of  plants  and  animals.  It  is, 
therefore,  an  ecosystem  in  the  classical  sense.  An 
ecosystem  as  large  and  diverse  as  the  Trinity  River  Basin 
is  extremely  difficult  to  study,  even  for  only  a  feu 
parameters.  Field  ecology  studies  are  costly,  placing 
further  restraints  on  ecosystem  sampling.  If,  however,  the 
biological  and  oeological  operations  of  a  river  are 
observed  at  a  variety  of  carefully  selected,  typical  cross- 
sections  of  the  stream  a  total  picture  of  the  ecosystem  may 
result.  Such  an  approach  has  the  additional  advantage  of 
serving  as  a  monitor  of  biological  and  chemical  conditions 
of  the  river  when  carried  out  over  a  long  period  of  time. 

Using  the  "cross-section"  approach,  10  study  areas 
were  selected.  Criteria  for  establishing  the  study  areas 
were:  (1)  type  of  plant  covers;  (2)  proximity  to  major 
sources  of  water  pollution;  (3)  type  of  existing  land  use 
patterns;  (4)  nearness  to  major  geological  structures  or 
geological  deposits  of  economic  value;  (5)  location  of 
proposed  Corps  projects  (channel  alignment,  reservoirs,  and 
locks) ;  (6)  presence  of  known  fish  and  bird  breeding 
grounds;  (7)  and  general  accessibility. 

Beginning  at  the  uppermost  study  area  and  proceeding 
south  they  are  described  briefly  as  follows  (see  enclosed 
maps)  : 

1.  Between  Fort  Worth  and  Dallas,  west  of  the 
highway  360  crossing. 

2.  South  of  Dallas  near  Loop  12  crossing. 

3.  West  of  Rosse;  at  confluence  of  Trinity 
and  old  channel  of  the  East  Fork. 

4.  Northeast  of  Kerens  at  the  large  horseshoe 
bend  at  the  truce  Smith  Ranch  in  Henderson 
County  (in  Tennessee  Colony  Reservoir  Site). 

5.  South  of  Highway  287  at  Richland  Creek  (in 
Tennessee  Colony  Reservoir  Site)  . 
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6.  Southwest  of  Pale  .tine,  north  of  Highway 
79  crossing. 

7.  Not  theast  ot  (lad  i sonv j  lie,  southeast  of 
Highway  21  crossing. 

B.  Between  Livingston  D<m  and  Highway  59 
crossing. 

9.  northwest  ot  Host.  Hill,  at  Tanner  Bayou. 

10.  North  of  Wtllisville,  at  Chaebers-Liberty 
county  line. 


This  report  presents  the  results  of  the  investigation 
carried  out  between  September  1#  1972  and  June  30#  1973. 
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INTRODUCTION 


Vegetatively,  th<  Trinity  River  Basin  is  associ'ted 
with  several  areas  or  types.  Gould  (1969)  divides  T>»xas 
into  ten  veqetational  areas  .  The  Trinity  River  transects 
the  Pineyvoods,  Gulf  Prairies  and  flarshes,  Post  Oak 
Savannah,  Blackland  Prairies  and  Cross  Timbers  and  Prairies 
veqetational  areas  (Fig.  11-01).  Following  are  brief 
descriptions  of  these  ireas  as  generally  characterized  by 
Gould  (1969). 

The  Trinity  River,  within  the  confines  of  this  study, 
transects  only  a  snail  portion  of  the  Cross  Tiabers  and 
Prairies  area.  The  area  is  very  variable  froa  the 
standpoints  of  r ainfa 11 , soi is  and  land  use.  The  vegetation, 
however,  is  generally  rather  unifora.  Predominant  native 
grasses  in  the  prairies  are  little  tluestea  t Schizachvriua 
ii£2EiEiy®Lx  big  bluesten  (Andropogon  gerardi)  .  Indian  grass 
(Sorghastrun  avenaceum) ,  switchgrass  (Panicua  virqatua)  and 

Canada  wild-rye  lElynus _ canadensis) .  The  Cross  Timbers 

areas  are  dominated  by  trees  such  as  post  oak  (Quercus 

Stella taL  and  blackjack  oak  (Quercus _ macilandica)  with 

herbaceous  understoiy  species  including  hairy  tridens 

li'£i2!l®y.E2IS _ pilosua)_  and  Texas  grama  (Bouteloua 

rigidiseta) 7  The  ”  Blackland  Prairies,  under  natural 
conditions,  would  be  dominated  by  grasses  such  as  little 
bluestem,  big  bluesten,  switchgrass,  Indiangrass  and 

sideoats  grama  lS22f _ cu rt ipendulal .  The  soils  are 

generally  dark-colored  calcareous  clays. 

In  general,  the  Post  Oak  Savann.  h  veqetational  area  is 
characterized  by  the  presence  of  up  and  trees  such  as  post 
oak,  blackjack  oak  and  sandjack  oak  quercus  incana)  and  of 
marginal  bottomland  species  including  southern  red  oak 
12uercus_f  alca  ta)_t  white  oak  (Quercus  alba)  ,  hickory  ( c a r y a 
spp.)  "and  el lmus  spp.)  (Bray,  '906).  The  upland  soils 
of  the  post  Oak  Savannah  area  are  light  colored,  generally 
acid  and  are  texturally  classed  as  either  sands  or  sandy 
loams.  Bottomland  soils  are  darker  in  color,  acid,  and 
range  from  sandy  loams  to  clays. 

The  Pineyvoods  vegetation  area  .s  depicted  by  trees 

such  as  short  leaf  pine  IPinus _ echinataj.A  loblolly  pine 

(Pinus  taeda)  .  post  oak,  blackjack  o.  k,  red  oak,  sweetgum 

(L  j.gu  i  dam  bar _ styraciflual  ani*  black  hickory  (Catya  texana) 

in  the  uplands  and  by  overcup  oak  (Quercus  lyrata)  .  willow 
oak  (Quercus  Phellos) «  Texas  sugarberry  (Celtis  laevigata) . 
cedar  elm  (ulmus .cpassif olia)  and  bush  palmetto  (Sabql 


Vegetational  Areas  of  Texas 


1. 

2. 

3. 

4. 

5. 


Pineywoods 

Gulf  Prairies  and  Marshes 
Post  Oak  Savannah 
Blackland  Prairies 
Cross  Timbers  and  Prairies 


@  Study  ar  as 


Figure  il-OL.Map  positioning  the  Trinity  River  in  relation 

to  surrounding  vegitaticnal  areas.  Vegetational 
areas  after  Gould,  1969.  Study  are  is  are  also  shown. 
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IiH2£L  the  bottomlands  (Thaip,  1926,  19.1C,  1952;  Braun, 
I960).  The  soils  are  usually  1  i  ght-col  orecl ,  acid,  and  sands 
or  si nd y - loams . 

The  climax  vegetation  of  the  flat  Gull  Prairies  and 
Marshes  area  is  lariely  grassland  or  po:  t  oak  savannah. 
Tall  bunch  grasses  such  as  big  bluesten',  Indiangrass, 
eastern  gamagrass  (T  ipsacum  dactyloides)  and  gulf  muhly 
Muhlenbergia  capillaris  var.  filifieil  are  characteristic. 
Goils  are  generally  acid  sands,  sandy  loams  and  clays. 

Although  the  Trinity  River  is  associated  with  the 
above  vegetational  areas,  the  vegetatior  type  of  great 
concern  in  this  study  vas  that  of  bottc aland  hardwood 
forests.  Bottomland  forests  associated  with  the  Sabine, 
Neches,  Trinity,  and  San  Jacinto  river  systems  occupy  large 
areas  and,  as  a  result,  have  been  classified  by  Bray  (1906) 
and  Collier  (1964)  as  listinct  vegetational  types.  These 
bottomland  forests  are  considered  to  be  westward  extensions 
of  hardwood  forests  typical  of  river  bottom  areas  to  the 
southeast  (Bray,  1906;  Braun,  1950) . 

OBJECTIVES 

The  major  objectives  of  this  study  wei e  to  describe 
aud  analyze  representa  ive  plant  communities  in  association 
with  the  Trinity  River  Basin  in  Texas.  In  <  ddition,  notes 
on  rare,  endemic  or  endangered  species  were  to  be  made. 

METHODS  AND  PROCEDURES 

The  scope  of  the  botanical  studies  is  limited  to 
community  analyses  in  five  of  the  previously  described 
study  areas.  We  studied  areas  2,  5,  7,  fl,  and  9.  The 
approximate  geographical  locations  of  the  botanical  study 
areas  are  shown  in  Figure  11-01. 

yuantitative  data  were  acquired  for  woody  shrubs  and 
trees  with  diameters  at  breast  height  (dbh)  greater  than 
1/2  cm  whereas  vine  and  herbaceous  plants  were  collected, 
identified,  and  incorporated  in  a  checklist.  The  woody 
vegetation  of  all  areas  was  analyzed  by  the  plot  method. 
Each  plot  was  5m2  and  situated  in  a  belt  transect.  Each 
belt  transect  ,  in  turn,  was  composed  of  two  rows  of  plots 
following  a  compass  line.  Transects  were  generally  250 
meters  in  length  and  composed  of  100  plots.  Woody  species 
in  each  plot  were  identified,  measured  (dbh)  and  counted. 
From  this  data,  frequency,  density,  dominance  and 
importance  value  figures  were  obtained.  Dominance, 
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therefore,  is  based  upon  importance  value  (impor  ance  value 
is  equal  to  the  sum  ot  relative  frequency,  relat  ve  density 
and  relative  dominance)  when  used  in  th  s  study. 
Nomenclature  for  plant  species  followed  Curell  and 
Johnston  ( 1970)  . 

STUDY  ft  REA  2 

Study  Area  2  was  situated  in  the  floodplain  of  the 
Trinity  Hiver  in  the  southeast  cornec  ot  Dallas  County. 
More  specifically  it  was  located  southeast  of  the  junction 
of  Interstate  Highways  45  and  6 15  in  the  vicinity  of  the 
Pin  and  Peathet  Club  and  Dallas  Hunting  and  Pishing  Club 
lakes.  Field  analyses  were  accoaplished  during  the  spring 
of  1973. 

Topography  of  the  immediate  study  sites  was  generally 
flat  with  occasional  depressions  and  snail  creeks. 
Geologically  the  area  is  coaposed  of  Alluviua  deposits  of 
Recent  origin  within  the  yuatetnary  Period.  Indistinct  low 
terrace  deposits  nay  also  be  included.  Soils  in  Study  Area 
2  are  comprised  of  Trinity  Clay.  This  soil  type  is  poorly 
suited  for  dwellings,  septic  tanks,  streets,  light 
industry,  and  caap  areas  and  aost  other  recreational  use 
(U.S.  Department  of  Agriculture,  Soil  Conservation  Service, 
1972)  . 


The  study  sites  were  forested  whereas  surrounding 
areas  were  generally  cleared  for  pasture,  housing  and 
gravel  pit  usage.  Grazing  by  cattle  was  evident  in  one 
study  site  and  it  is  likely  that  the  other  study  sites  have 
been  used  for  domestic  grazing  in  the  past. 

kan<|_yse 

Dallas  County,  in  which  is  situated  the  State’s  second 
largest  metropolitan  center,  had  a  population  in  1970  of 
1,327,321,  up  sharply  from  951,527  in  1960  (Texas  Almanac, 
1971) .  Porty-eight  percent  of  the  county’s  total  area  is 
classified  urban  and  built-up  (Table  11-01)  (Dallas  County 
Conservation  Needs  Inventory  Coanittee,  1970).  Hhile 
slightly  over  half  of  the  total  area  is  fara  and  forest 
land,  its  contribution  to  the  income  of  the  county  is 
cooperatively  saall — about  $11  million  annually  out  of  a 
total  income  in  excess  of  $5  billion. 

Between  1958  and  1967,  over  43,000  acres  were  put  into 
urban  development  (Table  11-01)  (Dallas  County  Conservation 


Table  11-01.  Dallas  County  land 
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Needs  Inventory  Committee,  1970).  Over  60,000  acres  were 
taken  o'  t  ot  row  crop  cultivation  during  this  time,  and 
pasture!-  nd  increased  try  nr  -  •  ly  SO, 000  acres.  Rangeland 
decrease!  by  nearly  12,000  acres  and  forest  land  by  almost 
15,000  ai  res.  "Other  lands",  includinq  farmsteads  and  rural 
land  lor  residences,  increased  nearly  6,000  acres. 

An  appraisal  ot  potent i il  tor  outdoor  recreational 
developments  in  Dallas  County  (Anonymous,  1967a)  stated 
that,  the  large  population  ol  the  county  cause;;  potential  to 
be  high  tor  some  outdoor  recreational  enterprises-  At  the 
sane  tim<  ,  however,  the  dense  population  and  urban  build-up 
adversly  afiect  other  enterprises  which  depend  to  a  great 
extent  or  the  natural  environment.  A  high  potential  was 
judged  to  exist  for  play  and  target  areas,  bicycling, 
picnicking,  golf  courses,  and  riding  stables.  Fishing  and 
water  sforts  have  only  medium  potential  due  to  the  limited 
lakes  and  impoundment  sites  and  the  already  heavy  use  of 
existing  areas.  Medium  potential  is  said  to  exist  for 
vacation  homes,  limited  mainly  by  the  few  available  water 
areas.  Overall,  Dallas  County  is  a  consumer  rather  than  a 
supplier  ot  outdoor  recreation. 

Mgthgds  and  Procedures 

Three  study  sites  comprised  Study  Area  2  (Fig.  11-02). 
The  more  undisturbed  plant  communities  were  selected  to 
represent  the  woody  vegetation  of  this  area.  The  position 
ot  study  tra  nsects  is  presented  in  Figure  11-02.  A  total  of 
600  plots  (5m2)  were  analyzed  with  two  hundred  being 
located  in  each  study  site. 

Dgsctiptipn  of  Study  Sites 

site  1  was  located  east  of  the  Trinity  River  between 
the  river  and  Dowdy  Ferry  Road  (Fig.  11-02) .  It  was  a  flat, 
poorly  di ained  site  in  the  vicinity  of  a  small  creek.  Hater 
stands  in  much  of  the  area  after  heavy  rains.  Site  2  was 
characterized  by  a  greater  habitat  diversity  as  a  result  of 
a  slightly  elevated  and  better  drained  area  bordering  a  wet 
flat.  This  site  was  located  just  east  of  the  junction  of 
Dowdy  Ferry  Road  and  the  Trinity  River  (Fig.  11-02).  The 
forest  has  not  been  logged  for  many  years  as  a  result  of 
its  preservation  by  the  Dallas  Hunting  and  Fishing  Club. 
Site  1  was  a  forest  within  the  Fin  and  Feather  Club  area 
and  was  located  between  the  northern  end  of  the  Fin  and 
Feather  Club  Lake  and  the  Trinity  River  (Fig.  11-02).  The 
area  was  tlat  with  occasional,  shallow,  water-filled 
depressions.  These  depressions  are  probably  dry  during  most 
of  the  summer  and  fall.  The  area  was  selectively  logged  in 
1972  resulting  in  the  lemoval  of  many  large  trees. 
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Hksu  l.t  s 

Si  to  1 

l'liti  forest  comprising  ‘  ite  1  was  rather  uniform  in 
species  composition  with  only  10  specie*  being  recorded. 
Texas  sugar  berry  JCelt  is_  laoyj.gata^A  cedar  elm  (Ulmus 
r:E£Ssif:ol  swamp  privet  Forestiera  acuxinata)  and  green 

ash  ifrax  l  nus _ pensy  1 vanicuf  were  by  far  the  dominant 

species  (Table  11-02) .  Osage  orange  (Haclura  pomifera) A 
soapberry  (Sapindus  saponaria)  and  honey  locust  were  only 
occasionally  observed.  Most  trees  in  the  area  were  less 
than  JO  cm  in  diameter  at  breast  height  (Table  11-03) .  Some 
large  cedar  elm  and  green  ash  tree*  were  present.  Except 
tor  a  few  dense  populations  of  cedar  aim,  the  shrub  layer 
was  generally  open.  Empirical  observation  indicates  that 
the  herb  layer  was  composed  primarily  of  sedges  (Carex  spp) 
with  frequently  occurring  plants  of  buttercup  (Ranunculus 
catSliyiMMiil  an(1  crow  poison  (Kothos  :ordu>  fri  valve). 

Si  te  2 

The  habitat  diversity  at  site  2  resulted  it  a  greater 
species  diversity  as  indicated  by  the  recording  of  30 
species.  Underst.ory  vegetal ional  layers  were  also  more 
dense  and  diversified.  The  principal  tree  species  in  the 
area  were  qreen  ash,  cedar  elm,  deciduous  ) oily  (Ilex 
degiduajL  and  roughleaf  dottwood  (Coraus  Drummot  diijj  (Table 
11-04} .  Shumard  red  oak  (Quercus  shumardii) ,  pecan  (Carya 
illinoinensis) ,  eastern  red  cedar  (Juniperus  viruiniana) 
and  elm  (Ulmus  sppj  were  prevalent  associated  species.  Tree 
diameters  were  generally  less  than  50  cm  although  a  few 
larger  trees  were  recorded  (Table  11-05). 

Site  3 

Pecan  was  the  dominant  species  ai  Site  3  associated 
with  cedar  elm,  deciduous  holly,  Texas  sugarberry  and 
roughleaf  dogwood  (Table  11-06).  The  forest  understory  was 
somewhat  open  and  contained  a  rather  uniform  herb  layer  of 
sedges  and  violets  JViola  spp.).  Large  trees  present  were 
mostly  pecan  (Table  11-07).  There  was  a  fairly  good  species 
diversity  at  Site  3  with  25  species  being  recorded. 

STUDY  UREA.  5 


lOf Seduction 

study  Area  5  was  situated  cn  the  floodplain  of 
Richland  Creek  in  south-central  Navarro  County  west  of  the 
Trinity  River.  More  exactly,  it  was  located  south  of  the 


Table  11-02.  Frequency,  density  and  doainance  data  for  plant  species  located  in  Site 
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Table  H-05.  Size  classes  (dch)  of  plant  species  located  in  Site 
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**  See  Table  11-04  for  a  list  of  other  species  present. 


Table  11-06.  Frequency,  density  and  dominance  data  for  plant  species  located  ir.  site 
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junction  of  the  Chicago,  Burlington,  Rock  Island  »nd 
Pacific  Railroad  and  Richland  Creek  at  an  elevation  of 
about  295  feet  above  sea  level.  Field  data  were  collected 
in  the  spring  of  1973. 

The  iaaediate  study  sites  had  a  flat  topography 
intersected  by  several  smaller  ci  eeks  and  drainages. 
Geologically,  the  area  was  composed  of  Alluvium  deposits  of 
Recent  origin  within  the  Quaternary  Period.  Trinity  <  lay 
comprised  the  soil  of  the  study  area.  The  soil,  because  of 
its  frequent  flooding,  is  poorly  suited  for  dwellings  or 
intensive  recreational  use.  It  is  well  suited  for  p >nd 
reservoir  areas,  and  has  fair  suitability  for  wildlife, 
woodland  and  pasture  or  range  (U.S.  Department  of 
Agriculture,  unpublished  data)  . 

The  study  sites  are  forested  whereas  surrounding,  more 
elevated  areas  have  been  cleared  for  pasture.  Cattle  grazed 
within  the  study  area. 

tifid_dse 

Navarro  County  had  a  1970  population  of  31,150,  c own 
from  the  1960  population  of  34,423  (Texas  ^lmapgg,  19. 1) . 
over  half  of  the  county's  population  (?9, 972  inhabitar ts) 
lived  in  Corsicana,  the  largest  town  and  the  county  s« at. 
Some  4500  more  people  lived  in  smaller  towns  of  less  « han 
1,000  inhabitants.  The  economy  of  the  county  is  b<  sed 
chiefly  on  agribusiness,  industry,  and  oil.  Of  the  conn*  y's 
$82,430,000  total  incoae,  $14,500,000  was  farm  inc<  me. 
Eighty  percent  of  this  was  derived  from  beef  cattle  and 
poultry,  while  grain  sorghums,  cotton  and  hay  were  the 
leading  crops. 

only  about  6%  (39,865  acres)  of  the  county's  t -tal 
695,488  acres  were  classified  as  non-commerical  (Table  II- 
08)  (Navarro  County  Conservation  Meeds  Committee,  19 >7). 
Between  1958  and  1967  about  10,000  acres  changed  r'tom 
commercial  to  the  non-coamercial  classification,  chi  ‘fly 
due  to  the  acquisition  of  about  8500  acres  by  the  Federal 
government.  In  this  same  period,  there  was  an  approximately 
4 2%  (over  225,000  acres)  decline  in  cropland  acretge. 
Forestland  area  in  this  period  declined  from  over  110,000 
acres  to  less  than  39,000,  a  drop  of  about  71,400  acres  or 
almost  65X.  At  the  same  time,  the  classification  "other 
land"  increased  by  1200  acres  from  2,620  to  3,816  acres. 
Pasture,  however,  made  striking  gains,  increasing  frot  a 
relatively  small  acreage  of  27,199  acres  in  1958  to  314,671 
acres  in  1967,  an  increase  of  about  287,500  acres  or 


t -4. .... 


Table  11-08.  Navarro  County  land  area  (In  acres) . 

(fro*  Navarro  County  Conservation  Needs  Cosaittee,  1967 
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approximately  1157X.  Rangeland  acreage  also  increased  from 
8,566  acres  in  195B  to  27,989  by  1967,  up  soar  19,900  acres 
or  about  325X.  In  1967,  pasture  and  rangeland  together  made 
up  about  49%  of  Navarro  county's  total  land  area. 

An  appraisal  o£  potential  tor  outdoor  recreational 
developments  (Anonymous,  1967c)  concluded  that  Navarro 
County  offers  moderate  attractions  to  recreation  seekers. 
An  asset  is  the  county's  location  within  an  hour's  drive  of 
both  Dallas  and  iiaco.  Unfavorable  factors  include  a  hot 
summer  climate,  the  relatively  small  area  of  woodland  and 
wildlife  habitat,  and  the  heavy  clay  soils  which  make  off- 
pavement  access  almost  impossible  after  heavy  rains. 

Due  to  the  presence  of  a  number  of  reservoirs  and 
flood  control  impoundments,  fishing  headed  the  list  of 
potential  recreational  pursuits  with  a  high  medium  rating. 
Medium  potential  was  seen  for  vacation  cabins  and 
homesites,  camping  grounds,  picnicking  and  field  sports, 
standard  and  par- 3  golf  courses,  small  game  hunting,  scenic 
and  historic  areas,  vacation  farms,  and  water  sports  areas. 

Navarro  county  cannot  offer  the  guality  of  recreation 
that  draws  visitors  to  Polk,  San  Jacinto  and  Liberty 
counties  along  the  lower  Trinity  River.  According  to  local 
residents,  however,  Dallasites  are  buying  land  for  vacation 
hones  in  Navarro  County  and  land  prices  have  risen 
noticeably  as  a  result. 

Methods  and  Procedures 

Three  study  sites  comprised  Study  Area  5.  The  more 
undisturbed  plant  communities  representing  the  woody 
vegetation  of  the  area  were  selected  for  analysis. 
Positions  of  transects  are  presented  in  Figure  11-03.  A 
total  of  700  plots  (5m*)  were  analyzed,  300  in  Site  1  and 
200  each  in  Sites  2  and  3. 

Descf4P^i°P  °1  Study  Sites 

All  three  study  sites  were  located  on  a  flat 
floodplain  subject  to  occasional  overflow.  Moving  water  1 
to  2  feet  deep  covered  the  entire  Study  Area  when  sampling 
was  begun  but  receeded  within  4  or  5  days.  Flooding  is 
controlled  to  an  extent  by  the  Navarro  Mills  Reservoir  on 
upper  Richland  Creek,  selective  cutting  of  large  trees, 

mainly  bur  oak  IfiJiSESUS _ macrocaroa)  .  for  barrel  staves 

about  25  or  30  years  ago  represent.;  the  latest  logging 
operation. 


Figure  11-03.  Showing  sites  1 ,2,  and  3  and  the  position  of  transects  within 
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1  was  located  west  ot  the  railroad  tracks  and 
Richland  Creek  (Fig.  11-03).  Mater  stands  in 
depressions  following  flooding.  Site  2  was 
zed  by  t  he  presence  of  a  shallow  sweep  as  well  as 
better  drained  areas  with  an  occasional  wet 
.  This  site  was  located  across  a  saall  creek 
ite  1  (Fig.  IT-03).  Site  3  was  east  of  the 
tracks  opposite  Site  2  (Pig.  11-03).  It  had  water 
in  depressions  and  was  transected  by  an 

nt  creek. 


Site  1 


Only  eleven  woody  plant  species  were  recorded  at  Site 
1.  This  forest  contained  a  preponderance  of  Texas 
sugatberry  (Celtis  laevigata)  associated  with  occasional 
trees  of  cedar  ela  (Ulags  grassjfolia)  (Table  11-09) .  Green 
ash  (Fraxinus  pensylvaoica)  and  sweep  privet  (Forestieca 
acu  ■  in  at  a]_  were  aostly  confined  to  wet  locations.  Probably 
as  a  result  of  flooding  and  grazing,  the  forest  showed 
cowparatively  little  regeneration  with  nost  species  having 
fewer  trees  in  the  1-10  cn  size  class  (Table  11-10).  Only 
occasional  trees  of  cedar  ela,  green  ash  and  bar  oak  had 
diaaeters  at  breast  height  greater  than  40  cn.  The  shrub 
layer  was  generally  lacking,  allowing  for  a  good  growth  of 
herbaceous  plants.  Ground  cover  was  aostly  wild  rye  (Hths 
sp.)  And  wild  onion  f  llj.iga  sp.)  . 

Site  2 

At  site  2,  Texas  sugarberry  was  still  by  far  the 
doainant  species  (Table  11-11).  Cedar  ela  was  only 
occasionally  observed.  Green  asb  and  swaap  privet  were 
coaaon  in  the  wetter  areas.  Only  nine  woody  species  were 
recorded  at  Site  2.  Mild  rye  and  wild  onion  were  prevalent 
as  a  result  of  an  open  understory.  The  forest  was  coaposed 
aostly  of  aediua-sized  trees  in  the  11-20  and  21-30  ca  size 
classes  (Table  II- 12) .  Tree  density  was  low  as  indicated  by 
the  presence  of  only  2.4  trees  per  plot. 

Site  3 

Site  3  was  soaewhat  aore  open  than  Sites  1  and  2.  Only 
1.16  trees  were  recorded  per  plot  (Table  11-13).  Twelve 
woody  species  were  recorded  in  this  study  site.  Texas 
sugarberry  was  the  doainant  species  but  less  strongly  so 
than  in  the  other  two  sites.  Cedar  ela  and  green  ash  were 
relatively  aore  abundant  (Table  11-13).  Wild  rye  and  wild 
onion  coaprised  nost  of  the  ground  cover.  Host  trees 
present  were  of  nediua  size  (Table  11-14). 
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Table  11-10.  Size  classes  (dbh)  of  plant  species  located  at  Site 
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Table  11-12.  Size  classes  (dbh)  of  plant  species  located  at  Site 


Table  11-13.  Prequency,  density  and  dominance  data  for  plant  species  located  at  Site 
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11-14.  size  classes  {dbb)  of  plant  species  located  at  Site 
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STUDY  AREA  7 


IUi£2iii£ti.231 

study  Area  7  was  located  in  southeastern  Leon  County 
just  west  and  north  of  the  junction  of  Lower  Keechi  Creek 
and  the  Trinity  River  (Pig.  11-04).  Study  sites  were 
situated  within  the  floodplain  of  the  Trinity  River,  os  the 
adjacent  slope  to  upland,  and  on  the  sore  level  upland. 
Collection  of  data  was  acconplished  during  the  spring  of 
1973. 

Topographically,  the  study  sites  varied  froa  nearly 
flat,  poorly  drained  floodplain  to  the  sore  elevated*  slope 
and  ridge  areas.  Geologically,  the  area  is  composed  of 
Alluviun  deposits  of  Recent  origin  within  the  Quaternary 
Period.  Included  perhaps  are  some  Deweyville  deposits  as 
well  as  a  few  snail  inliers  of  Tertiary  foraations. 
Pluviatile  terrace  deposits  of  Pleistocene  origin  within 
the  Quaternary  Period  were  also  present. 

In  the  vicinity  of  the  junction  of  Lower  Keechi  Creek 
and  the  Trinity  River,  the  aajor  soil  types  are  the 
Tuscuabia,  Ti avis  and  Bienville  loaay  fine  sand.  Probably 
the  aost  extensive  soil  is  the  Tuscuabia,  which  is  siailar 
to  Kautaan  Clay.  This  soil  occupies  nearly  level,  slightly 
concave  bottoaland  flood  plains.  This  soaewhat  slowly 
drained  soil  is  poorly  suited  for  dwellings,  sewage 
systeas,  local  roads,  aost  recreational  uses,  and  cropland. 
I t  is  well  suited  for  woodland  and  wetland  wildlife  and  for 
pond  reservoir  areas  and  is  fairly  well  suited  for 
grassland  and  woodland  {U.S.  Departaent  of  Agriculture, 
unpublished  lata). 

The  Travis  soil  occupies  the  slope  area  between  the 
low,  poorly  drained  Tuscunbia  soil  adjoining  the  creek  and 
the  aore  elevated  and  level  Bienville  loaay  fine  sand  soil. 
The  degree  of  slope  (5-12*)  hinders  the  utility  of  this 
soil  for  sote  uses. 

T  ie  Bienville  loaay  fine  sand  soil  occupies  the  aost 
elevated  portions  of  the  study  area,  occurring  on  the 
broad,  nearly  level  to  gently  sloping  crests  west  of  Lower 
Keechi  Creek.  This  soil  is  soaewhat  excessively  drained  as 
a  result  of  a  low  aoisture  holding  capacity  and  is 
seasonally  droughty  during  the  suaaer  and  fall  Booths.  It 
is  well  suited  for  dwellings,  septic  tank  filter  beds, 
local  roads  and  streets,  and  light  industry.  It  has  fair 
suitability  for  caap  and  picnic  areas,  playgrounds,  sost 


m 


31 


wildlife  and  woodland.  Although  the  Bienville  loaay  fine 
sand  soil  was  classified  as  poorly  suited  for  cropland  and 
grassland,  sobg  parts  have  been  cleared  for  pasture  in  the 
vicinity  of  the  study  area. 

The  three  study  sites  were  forested,  but  soie  nearby 
land  has  been  cleared  for  pasture.  Grazing  by  cattle  of  the 
entire  area  was  evident. 

Land_Use 

The  number  of  inhabitants  of  sparsely  populated  Leon 
County  dropped  froa  9, *351  in  1960  to  8,738  in  1970  (Texas 
ilianac;^  1  971).  Buffalo,  the  largest  town  in  the  county, 
had  a  population  of  1,242  in  1970  while  Centerville,  the 
county  seat,  had  831.  Less  than  3400  people  liv'd  in  towns 
in  1970  in  Leon  County.  The  econoay  is  based  on 
agriculture.  Of  the  $16,724,000  total  incoae,  $10,000,000 
was  farm  incoae,  while  minerals,  chiefly  oil  and  gas, 
contributed  $4,645,000.  Eighty  percent  of  the  agricultural 
incoae  is  derived  froa  livestock.  Cotton,  grain,  aeloos  and 
peas  are  the  nain  crops. 

of  the  aore  than  693,000  acres  of  land  in  Leon  County, 
less  than  12,000  acres  were  classified  as  non-coaaercial  in 
1970  (Table  11-15)  (Leon  County  Conservation  Reeds 
Conaittee,  1970).  Between  1958  and  1967,  non-coaaercial 
area  increased  froa  9,865  acres  to  11,556.  Host  of  the 
increase  was  in  the  urban  and  built-up  category, 
representing  fringe  growth  of  the  snail  towns  and  an  influx 
of  people  ,  mainly  from  Houston,  into  recreation  areas. 

of  the  county's  total  area,  over  48%  was  in  pasture 
and  range  in  1970.  Between  1958  and  1967,  pastureland 
acreage  increased  froa  99,177  acres  to  320,100  acres  while 
range  juaped  froa  4,115  to  17,075  acres.  Host  of  the  gain 
was  at  the  expense  of  cropland,  which  fell  froa  150,593  to 
61,292  acres,  and  of  forest,  which  dropped  fros  434,363 
acres  in  1958  to  292,800  acres  in  1967.  The  classification 
"other  land"  dropped  almost  50%,  froa  5,208  acres  to  2,189 
acres,  with  the  county's  loss  of  population  and  the  trend 
away  froa  intensive  row  cropping  and  toward  cattle  raising, 
the  nuaber  of  farmsteads  has  apparently  declined. 

Leon  County  can  be  expected  to  see  future  developaent 
of  certain  areas  for  outdoor  recreation.  An  appraisal  of 
potential  for  outdoor  recreational  developaent  in  Leon 
County  (Anonyaous,  1967b)  predicts  a  high  potential  for 
picnicking  and  field  sports,  transient  caaping,  fishing. 


Table  II-Ti5.  Leon  County  land 


I 


deer  hunting,  riding  stables,  and  shooting  preserves. 
Vacation  cabins  ani  honosites,  as  well  as  water  sports 
areas,  received  a  high  medium  rating.  Perhaps  due  to  the 


lack  of  proximity  to  large  i eservoirs  for  fishing  aDd 
boating,  weekend  home  building  has  not  yet  experienced  the 
boo*  as  witnessed  in  Polk,  San  Jacinto  and  Liberty  counties 
along  the  lower  Trinity  River. 

Methods  and  Procedures 


Study  Area  /  was  comprised  of  three  study  sites  (Fig. 
11-04) .  The  more  undisturbed  plant  communities  were 
selected  to  represent  the  woody  vegetation  of  the  area. 
Transects  were  positioned  as  shown  in  Figure  11-04.  A  total 
of  800  plots  (5a2)  were  analyzed,  300  each  at  Sites  1  and  2 
and  200  at  Site  1. 


Description  of  §tudy  Sites 

Site  1  was  located  on  a  slope  and  level  ridge  west  of 
Lower  Keechi  Creek  and  north  of  its  junction  with  the 
Trinity  River  (Fig.  11-04).  Transects  were  located  along 
contours  on  the  ridge  and  one-third  and  two-thirds  of  the 
way  down  the  slope.  The  area  was  well  drained  and  supported 
a  greater  habitat  diversity  than  the  other  two  study  sites. 
Site  2  was  in  a  cedar  elm  flat  west  of  Lower  Keechi  Creek 
and  north  ot  the  Trinity  River  (Fig.  11-04).  The  site  was 
poorly  drained  and  showed  evidence  of  flooding.  Several 
permanently  ponded  or  exces  ;ively  moist  areas  were  present. 
Site  3  was  composed  ot  a  more  roiling  topography  traversed 
by  several  drainages  and  an  intermittant  creek.  It  was 
located  adjacent  fo  the  river  west  of  Lower  Keechi  Creek 
(Pig.  11-04). 


Results 


Site  1 


The  torest  at  Site  1  had  a  more  varied  habitat  than 
the  other  two  sites  at  study  Area  7  and,  with  34  woody 
species  recorded,  the  greatest  diversity  of  species. 
American  beauty  berry  (Callicarpa  americana?  dominated  the 
understory  shrubs  on  both  slope  and  ridge  areas.  Along  the 
ridge,  post  oak  ifiuercus_stellata)_  and  black  hickory  (Carva 
texjnai  were  dominant  tree  species  while  farkleberry 

iiiSS-i.Qi.li5 _ a cbo reum^^  Indian  cherry  (Rhamnus  ca rolinr ana) , 

sweetgum  (Liquidaabar  Styraciilua)  and  flowering  dogwood 
(Corn us  florid a)  were  less  abundant  woody  species.  Post  oak 
was  still  dominant  on  the  upper  portion  of  the  slope. 


...•im&mw* a**  i 


Atundant  associated  species  were  black  walnut  ( Juqlans 
njgra]_  and  sweetgua.  BlacK  hickory  was  less  frequent.  Two- 
thirds  of  the  way  down  the  slope,  eastern  redbud  (Cetcis 
canadensis)  .  winged  ela  jUlaus..  ajata)  t  black  walnut, 
sweetgua  and  red  oak  (Quei cus  falcata)  occurred  with  nearly 
equal  abundance. 

Table  II- 16  is  a  sunitary  ot  the  woody  vegetational 
d<  ta  gathered  at  Site  1.  overall,  American  beautyberry  was 
t We  doainant  understory  species  and  post  oak  the  doainant 
o^erstory  species  (Table  11-16).  Black  hickory,  sweetgua 
and  black  walnut  were  also  prevalent,  dost  individuals  were 
less  than  40  cm  in  diaaetor  at  breast  height  (Table  11-17). 
Orly  two  recorded  trees  of  post  oak  and  one  of  sweetgua 
exceeded  SO  ca  in  diaaeter. 

Site  2 

Site  2  was  strongly  doainated  by  cedar  ela  (Olaus 
ci assifolia)  in  the  overstory  and  by  deciduous  holly  illex 
decidua)  in  the  understory  (Table  11-18).  Huch  less 
abundant  were  willow  o.ik  (Quercus  Phellos)  .  honey  locust 

_ triacanthos) .  hawthorn  Tcrataegus  spp.)  and 

Texas  sugarberry  fCeltis  laevjgatq) ,  Peraanently  ponded  or 
excessively  wet  areas  were  doainated  by  suaap  privet 
(Koce3tj.era  acuminata),  over  cup  oak  tQuercgs  lyrata)  ,  green 
a;.h  (Praxinus  pensy lvanica)  and  water  locust  (g^gditsia 
Except  for  thickets  of  swamp  privet  in  portions 
of  the  wet  areas,  the  forest  was  open.  Sedges  ( Carey  spp) 
coaprised  auch  of  the  herbaceous  layer.  Host  trees  at  site 
2  were  less  than  40  cm  in  dbh  (Table  11-19).  There  were, 
however,  a  few  widely  scattered  individuals  of  cedar  ela, 
willow  oak  and  overcup  oak  with  larger  diaaeters.  Seventeen 
woody  species  were  record  >d  at  Site  2. 

Site  3 

Fourteen  woody  sped  *s  were  recorded  at  Site  3,  with 
Texas  sugarberry,  cedar  e La  and  pecan  (Cayva  illinoinensis) 
being  the  principal  species  (Table  11-20).  Deciduous  holly 
and  swaap  privet  were  the  dominant  understory  species. 
Swaap  privet,  green  ash  and  waterlocust  doainated  the 
occasional  wet  areas.  Th  ;  forest  was  generally  open  except 
along  the  river  where  greenbriar  (Sailax  spp)  and 
blackberry  (Bub us  sppj  formed  dense  clasps.  Host  trees  had 
dbh  less  than  50  ca  (Table  11-21).  Only  1.87  trees  per  plot 
were  recorded. 


fable  11-16.  Frequency,  density  and  dominance  data  for  plant  species  located  in  Site 
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Table  H-19.  Size  classes  (dbh)  of  plant  species  located  at  Site 


See  Table  II- 18  for  a  list  of  other  species  present 


table  11-21.  Size  classes  (dbh)  of  plant  species  located  at  Site 
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STUDY  AREA  B 


iDttQiucUon 

The  objective  of  this  phase  of  the  study  was  to 
analyze  the  woody  vegetation  of  two  swamps  and  associated 
terrestrial  forests  located  in  the  vicinity  of  the  Trinity 
River.  Field  work  was  accomplished  during  the  tall  of  1972. 
The  study  area  was  situated  within  San  Jacinto  County  in 
southeast  Texas.  More  specifically,  it  is  located  i»  the 
extreme  eastern  part  of  San  Jacinto  County  between 
Shepherd,  Texas  and  the  Trinity  River  (Pig.  11-05).. 

The  topography  of  the  area  is  flat  to  very  gently 
rolling  and  occasionally  characterized  by  the  presence  of 
depressions,  sloughs  and  creeks.  Geologically  the  area  is 
composed  of  Alluvium  deposits  of  Recent  origin  eithia  the 
Quaternary  Period.  There  are  many  small  inliers  of  Tertiary 
formations  and  along  minor  streams  outcroppings  of 
Deweyville  and  Pleistocene  formations  occur.  The  Deweyville 
Formation  lies  along  the  western  edge  of  the  shady  area. 
There  are  three  soils  present,  the  Tuckerman  loam,  Bernaldo 
fine  sandy  loam,  and  the  Kaufman  clay  (U.S.  Department  of 
Agriculture,  unpublished  data) .  The  Tuckerman  soils  occupy 
nearly  level  concave  areas  and  are  generally  poorly  drained 
and  ponded.  They  are  poorly  suited  for  dwellings,  general 
recreation  use,  cropland  or  grassland  but  are  suited  for 
pond  reservoir  areas  and  woodland  and  wetland  wiltilife.  The 
Bernaldo  fine  sandy  loam  soils  occupy  well-drained, 
slightly  sloping  sites  generally  adjacent  to  Tuckerman 
soils  in  our  study  area.  They  are  suited  for  dwellings, 
woodland,  grassland,  cropland  and  wildlife.  The  Kaufman 
clay  soils  occupy  the  somewhat  poorly  drained  bottomland 
floodplain  areas.  They  are  slightly  better  drained  than  the 
Tuckerman  soils  but  are  suited  primarily  for  pond  reservoir 
areas  and  woodland  and  wetland  wildlife.  They  have  some 
potential  tor  grassland. 

The  vegetation  of  the  study  area  was  mostly  woodland 
occupying  both  aguatic  and  terrestrial  sites.  Cleared  sites 
within  the  study  area  were  generally  associated  with  roads 
and  pipelines  but  more  upland  surrounding  areas  contain 
larger  acreages  of  pasture  and  cropland.  Grazing  by  cattle 
was  evident  and  it  appeared  that  all  of  the  study  area  had 
been  logged.  Some  swamp  areas  have  not  been  logged  since 
the  early  1920's  but  other  areas  have  been  selectively 
logged  within  recent  years. 


SC  A 


4  3 


itdnd-Use 

;;an  Jacinto  County  is  minly  a  ruril  area,  with  less 
than  1900  people  livinq  m  th«  two  largest  towns  in  the 
county.  Most  of  the  land  is  fores'ed  (T»ble  11-22).  Out  of 
399,360  acres,  sole  2‘>H,  1 00  teres  were  in  commercial  forest 
in  1967,  with  an  additional  >8,59.  acre;  of  National  Forest 
within  the  county.  Between  I95H  .  n<l  \9h7,  cropland  acreage 
declined  by  over  75*,  while  tores  area  declined  about  10*. 
Pastureland  acreage  increased  six  tines  over,  however,  froe 
10,625  acres  to  67,117  acres  {Conservation  Needs  Committee, 
1967)  . 

Within  easy  driving  dista  ice  of  Houston  and  the 
coastal  population  concentrations,  bordering  Lake 
Livingston,  and  containing  ptrt  >f  S31'  Houston  fational 
Forest,  San  Jacinto  County  can  expect  to  be  increasingly 
affected  by  deaands  for  outdoor  ricreation.  An  appraisal  of 
potential  for  outdoor  recreati >nal  developments  in  San 
Jacinto  County  (Miller,  et  al. f  1)67)  indicated  that  water 
sports  and  fishing,  vacation  cabins,  cottages  and 
homesites,  snail  and  big  gaae  hunting,  and  campgrounds  for 
transient  camping  and  vacation  sites  have  especially  high 
potential  for  development. 

The  area  of  land  used  for  pasture  will  probably  slowly 
increase  at  the  expense  of  cro> land  and  forest.  The  major 
change  will  probably  be  in  land  i evelooed  for  weekend  and 
retirement  homes.  Pclk  and  Liberty  counties  are  already 
experiencing  such  a  boom. 

Within  the  study  area,  only  the  Sernaldo  fine  sandy 
loam  soil,  making  up  about  <  fourth  of  the  total  area, 
favors  diversion  of  the  land  fiom  f >rest  to  grassland, 
cropland,  or  housing  development*.  It  is  probably 
inevitable  that  suitable  land  of  this  type  near  the  river 
will  eventually  be  developed  for  weekend  and  retirement 
homes  as  has  already  been  done  in  Polk  County  on  the 
opposite  bank.  Large  scale  development  might  include  almost 
all  of  this  well-drained  soi  .  The  Kaufman  clay  and 
Tuckertnan  loam  soils,  however  do  not  lend  themselves  to 
uses  more  intense  than  timber,  gazing,  and  wildlife.  The 
current  practice  or  grazing  rattle  beneath  the  forest 
during  drier  periods  will  likely  remaio  the  chief  use  of 
most  of  the  area  in  the  near  fut  ire. 


Table  11-22.  San  Jacinto  County  land  area  (in  acres). 
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£§  thoi2s_dnd_P£0££dui,Hi. 

Six  study  sites  composed  the  study  area  (Figs.  11-06 
and  11-07).  The  more  unique  and  undisturbed  plant 

communities  uere  selected  for  analysis.  Transects  were 

positioned  within  each  study  site  as  indicated  in  Figures 
£1-06  and  11-07.  Plot:,  in  swamp  areas  were  established  with 
the  use  of  twine  strands  transecting  the  swamp  and  marked 
at  five  meter  intervals.  A  total  of  2070  plots  (5m*)  were 
analyzed.  Three  hundred  plots  were  analyzed  in  each  study 
site  with  the  exception  of  Site  1  (550  plots)  and  Site  2 
(320  plots). 

Description  of  Study  Sites 

Sites  1  and  2  ircluded  two  swamp  areas  referred  to 

locally  as  The  Break  and  Smith  Break  respectively.  Mater 

prevails  year-round  in  these  swamps  and  they  are  located  on 
Tuckerman  loam  soils.  Mater  depth  was  generally  less  than 
four  feet.  Sites  3,  u,  5,  and  6  were  more  terrestrial 
although  portions  of  these  sites  may  be  tesporarily 
inundated.  Sites  3  a  id  4  were  located  east  of  The  Break, 
Site  5  was  situat'd  north  of  Smith  Break  and  Site  6  was 
established  west  of  irushy  Lake  near  the  Trinity  Biver 
(Figs.  11-06  and  CI-07)  .  Site  3  was  located  om  Kaufman 

clay  and  Bernaldo  fine  sandy  loam  soils.  Site  4  probably 
transected  all  three  soil  types  mentioned.  Site  5  was 
situated  on  Kaufman  clay  soils  and  Si'  e  6  on  Tuckerman 
soils. 

Hesults 


Site  1  (The  Break) 

The  Break  i>  a  swamp  maintained  by  two  creeks  flowing 
incessently  through  its  length.  Big  ireek,  entering  from 
the  north,  and  Coley  Creek,  entering  fros  the  southwest, 
unite  within  The  Break  (Fig.  11-06) .  Based  on  importance 

value,  tupelo  (Nyssa _ aquaticaj  was  the  overwhelmingly 

dominant  tree  species  in  the  swamp  (Table  11-23).  Bald 
cypress  (Taxofl j.um_di?$£ghuy)i  was  somewhat  prevalent.  Both 
of  these  species  showed  good  size-class  distribution  (Table 
11-24).  Subdominants  in  The  Break  were  Carolina  ash 

(f payings _ cayoliniana)  and  red  maple  (Acer  rubrum).  Sweet- 

spire  (jtea  vjyqinica)  was  the  most  abundant  shrub.  These 
latter  three  species  contained  representatives  nostly  in 
the  size-class  1-10  cm  (Table  11-24). 


^  =  * 
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SCALE  :  t"=1320 


Gi a  CO. 


i  Figure  11-07.  Showing  sites  2,5,  and  6  and  the  position  of  transects  within  these  sites. 


Table  11-23.  Frequency,  density  and  dominance  data  for  plant  species 
located  in  Site  1  (The  Break) . 


48 


as  o 


I  9 


i 


>. 

*> 


i  w 
i  a 
I  9 
I  Q 


*> 

O 

H 

c- 

v 


w 

OS 


o 

c 

9 

a  i 

tr 

® 

u 


V) 

« 

•4 

8 

o. 

t/) 


1 

1 

1 

1 

9 

O 

c  • 

0  ® 

m-i/in 

**  9 

•  ii* 

M  M  | 

ooifln 

O  9  1 

1  t/>  in  in  rj 

S'*  ! 

M  ! 

9  ! 

9  O  | 

►  a  | 

•0  9  | 

lOO  'C'- 

•  «  .  » 

9  M  I 

INSOC 

•H  9 

f**  <N 

9  0 

*> 

•H  •» 
0) 

C 

9 

a 


>. 

o 

c 

0) 

am 

tr 

® 

m 

fc. 


vo  in  «£  o 


lafiooc  n  io  »  a  n®  o 


WOO^MNO'-'-OfS 

3-  »—  r“  * 


O  inifli«"tr  O  OOOr- 

csoooooooooo 


r~oo»-aooin^ocT'»-ivoo' 

'Cl/'OCiO^r-ri-ra 


non  Nr-  o  IT  N  OHO 

r  Or  Oiflon I  3  IN  P*) 
»nn(Nn** 


9 

m 

<0  -4 

o  M 

*H  0) 
*>  -H 
(0  <9 
9 

Oi  ■ 
9  9 
•H 

0  *o 
V)  0 
01  Mt 


.  I  91  91 

■Ml  OH  Oil  OI*>l 


I  CM  JioJuiliS 


91 

tr 

IN 


I 


o 
I  O 
I  «- 
I 


O' 

<* 


r» 

<T 


£ 


9 

o 

o 

9 

0 


o 

*o 

V 

► 


I  5 


2  I 


•  0)1  *<  «|4-> 
0**4  ®l  «l  C 

O-  *>  4J|  01  c 
0)  M  ®i  91 
®i  01  Q| 
ul*-»i  oi  *, 
0)1  ®i  i  u 
ai  jm  mi  O 
■i  on  i«ic 
*4*4  |MI*H 
=>|.-4  OH  Ml  s' 


I 


** 

9 

H 

9 

u 

•O 

a 

9 


or 

0 

9 

T> 

9 

> 

•4 

*> 

9 

rl 

9 


O 

0 

9 

9 

tr 

9 

m 


91  91 
*>l  OI  4 
..  0t  M  9IM 
0)  91  91  91  9 
9  -ai  91*01*0! 

9  *4  Ol*4  9 
M  OI  OI  V) 

9  OI  91  1 

>  OI  4  ■Cl 

I  91  I  •  » 
0)1  Cl  Ml  9  ♦» 
9  0««M  O 
O  -0|-4l*4*-l*-« 
0  *H  01  *H  o  CL 
9  0g*4  <M 
*<9(01  4*4  M 
UHlul  0(0)  9 
O  9I«4I  010)  0. 
Oi  *01  ►l*«-H  9 
■  OI  l*>l  U  0) 
•4  91  I  *1  O  M 

oi  mi  ot  9 

O  OI  9 
tr  H  ul  91  oi  *o 
a  91  A  i  90 
•4  CSS  Oi  0)  ■'  ► 
0)  0iOH*4M*4 
9  O  O  UIS  0 
9  -4l-4|*>l  1  C 

U  Mi  01*4  -4 

O  9  0)1  *, 

9  ■  91-4  r- 
0)  01  4*4-4  O 

I  0101*0  • 
mi  mi  mo 
<M  01  OI  4  9 
O  Ml  ■)  91  ■  *M 
04  SI  01  9  O 

*i|  oi  91*0 

t/H  0l*4t  O)  *- 
Ml  01  M 
4  1*4  0)  .0 

H  |*N9  U 
9i  91010  C 
MI9|M|M  ® 
£H  01  91  9  -0 
91  M|  OI  0| 

Ml  OI  |C*9 
.luioii  ' 

91  *  *0 
Cl  9  0 

01*0  4*4  y-c 
.4  C  OH  «  0* 

<H  0  0|M|*4  * 
Ml  91  B  W 
*<  r-401  *4 

0  91  91  0)|  9 

9  Q|  *0$  4  9  *» 
0)  01  Oil  91  U  O 
9  OI  I  C|  M  M 
M  *4  I  91  9 
0.  M  01  O  9'  C 

®i  9  Hio<  ■ 

{/}  ai  til  ui  I  * 

9 


M 

9 

•n 

.  M 

O 

a 

■4 


«o 
9  Ot 


*  M  0|  01  Mj  C 

•  *4  01*4 -4 


« 


bO 


Site  2  (Saith  Break) 

The  water  in  saith  Break  (Pig  11-07)  was  lore  stagnant 

than  that  in  The  Break.  Smith  Break  was  not  transected  by  a 

creek  but  instead  appeared  to  be  spring  fed  with  drainage 

into  Big  Creek.  A  drainage  ditch  has  also  been  excavated 

from  the  east  end  of  ssith  Break  to  the  Trinity  River. 
Dominant  woody  species  in  Ssith  Break  were  tupelo  and  bald 
cypress  (Table  11-25) .  Each  of  these  species  showed  good 
size  class  distribution  (Table  11-26) .  Subdoainants  in  this 

site  were  water  els  IPla^e^a _ auuatlca)  and  common 

but  ton  bush  (Cephalanthuy  occjLdentalitsf. 

Both  Saith  Break  and  The  Break  were  dominated  by 
tupelo  and  bald  cypress  but  subdominant  species  varied  in 
the  two  sites  (Tables  H-23  and  11-25).  In  the  areas 
studied.  The  Break  had  a  greater  species  diversity  as 
indicated  by  the  larger  number  of  species  recorded  (27 
species  as  compared  to  10  in  Ssith  Break) .  The  Break,  in 
addition,  averaged  4.97  plants  per  plot  whereas  Saith  Break 
averaged  1.53. 

Site  3  (Palmetto  area  near  The  Break) 

A  forested  area  east  of  The  Break  with  a  rather 
uniform  population  of  palmetto  was  analyzed  (Pig.  11-06). 
The  palmettos  had  a  frequency  of  81.71  and  a  density  of 
4.76  plants  per  plot.  This  species,  as  a  result,  dominated 
the  shrub  layer  of  vegetation  in  thii  community.  Dominant 

upper-layer  species  were  water  oak  (Quercus _ nigra)  , 

swectgum  and  southern  red  oak  (Table  11-27) .  These  species 
were  generally  represented  in  the  higher  size  classes 
(Table  11-28) .  Texas  sugarberry  and  pecan  (Carya 
illiqoinensis)  were  also  prevalent.  Hid  -layer  subdoainants 
included  deciduous  holly  (Ilex  decidua)  and  snowdrop- tree 
(Halesia  j^pfrepa) .  Thirty -eight  woody  species  were  recorded 
in  plots  in  this  area.  It  should  be  noted  that  a  honey 
locust  tree  measuring  78  inches  in  circumference  and  88 
feet  in  height  and  having  a  crown  spread  of  57  feet  is  a 
possible  state  champion.  Its  index  is  180  as  compared  to 
the  present  state  champion's  index  of  147-1/2. 

Site  4  (Hooded  area  near  The  Break) 

Site  4  was  a  fairly  open  wooded  area  dominated  by 
hawthorn  (Cgat;aequs  spp, )  and  cedar  elm  (Fig.  11-06)  (Table 
11-29) .  Cedar  elm  trees  were  less  than  40  cm  in  dbh  and 
hawthorn  trees  were,  with  two  exceptions,  entirely  within 
the  1-10  cm  size  class  (Table  ZI-30).  Billow  oak,  Texas 
sugarberry,  black  oak  (Quercus  vsluti^f)  and  overcup  oak 


Value  less  than 


Table  11-26.  Size  classes  (dbh)  of  plant  species  located  in  Site  2  (Saith  Break)  . 
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Table  11-28.  Size  classes  (dbh)  of  plant  species  located  in  site  3  (palmetto  area) 
about  one-half  mile  east  of  Site  1  (The  Break). 
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Table  11-29.  Frequency,  density  and  doainance  data  for  plant  species  located  east  of 
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Table  11-30.  Size  classes  (dbh)  of  plant  species  located  east  of  the  southern  end  of 
The  Break  (Site  4)  . 
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trees  were  prevalent  and  representative:  of  these  species 
were  the  only  ones  with  diameters  greater  than  40  cn.  There 
were  27  specie:;  ol  trees  and  shrubs  recorded  at  this  site 
with  an  average  of  4.0  plants  per  plot. 

Site  5  (Adjacent  to  Smith  Break) 

Site  5,  located  adjacent  to  Smith  Break  (Pig.  11-07), 
contained  a  fairly  open  forest  with  little  underbrush. 
Trees  were  generally  scattered  as  indicated  by  the  presence 
of  1 . 9S  individuals  per  plot,  in  addition,  the  study  plots 
transected  a  slough  as  evidenced  by  the  occurrence  of  water 

hickory  (Car ya _ aguatica) .  water  locust  (Gleditsja 

!3!i§£i£§Lj.  swamp  privet  (Forestiera  acuminata)  .  and  water 
elm  (Planera  aguatica)  .  ™  ~~ 

Dominant  trees  in  the  area  were  cedar  elm,  willow  oak, 
hawthorn  and  honey  locust  JGleditsia  triacanthos)  (Table 
11-31) .  Trees  of  overcup  oak  and  Texas  sugarberry  were  also 
prevalent.  Willow  oak,  overcup  oak  and  green  ash  were  the 
only  species  with  representatives  having  diameters  greater 
than  50  cm  (Table  11-32).  There  were  24  species  recorded  in 
plots  at  this  site. 

site  6  (Adjacent  to  Brushy  Lake) 

of  the  sites  studied.  Site  6  is  nearest  the  Trinity 
River  (Piq.  11-07) .  The  topography  of  Site  6  is  generally 
flat  with  an  occasional  slough.  The  are »  was  fairly  evenly 
dominated  by  hawthorn,  southern  red  oik,  cedar  elm,  water 
oak  (Quercus  nigra)  and  honey  locust  (Tible  11-33).  Trees 
of  winged-elm  (Ulmus  alata)  and  Texas  >ugarberry  were  also 
occasionally  encountered.  Trees  were  generally  less  than  50 
cm  in  diameter  (Table  11-34).  Thirty  siecies  were  recorded 
at  this  site  and  there  was  an  average  of  2.62  trees  or 
shrubs  per  plot. 

Combined  swamp  sites  (Sites  1  and  2) 

When  data  from  The  Break  and  Smith  Break  were 
combined,  tupelo,  bald  cypress,  Carolina  ash  and  sweet- 
spire  emerged  as  dominants  (Table  11-35) .  Tupelo  and  bald 
cypress  were  by  far  the  dominant  species  in  both  areas.  In 
Smith  Break,  however,  Carolina  ash  and  sweet-spire  were 
lacking  and  water  elm  and  common  buttonbush  replaced  these 
species  as  subdominants  (Tables  II-  23  and  11-25).  There 
were  a  total  of  29  species  recorded  in  both  areas. 
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Table  11-35.  Suanary  of  frequency,  density,  and  doainance  data  for  plant  species 
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Combined  Terrestrial  Sites  (Sites  3r  4,  5,  and  6) 

The  overall  dominant  species  within  the  land 
communities  studied  were  hawthorn,  cedar  elm  and  honey 
locust.  Willow  oak,  deciduous  holly,  Texas  sugarberry, 
watei  oak  and  southern  red  oak  were  also  prevalent  (Table 
II-3<>)  .  Cedar  elm  and  hawthorn  were  among  the  top  three 
dominants  in  three  of  the  study  sites.  Honey  locust,  while 
not  among  the  first  three  dominants  on  any  site,  was 
nevertheless  a  significant  component  of  all  four  plant 
communities  (Tables  11-27,  11-29,  11-31,  and  11-33).  Fifty- 
two  woody  species  were  found  in  the  terrestrial  communities 
studied . 

STUDY  AREA  9 

Introduction 

The  objective  of  this  phase  of  the  study  was  to 
characterize  the  woody  vegetation  associated  with  the 
Tanner  Bayou  and  Capers  Ridge  areas  (Fig.  11-08).  Field 
work  was  accomplished  during  the  fall  of  1972.  The  study 
area  was  situated  within  Liberty  County  in  southeast  Texas 
near  the  junction  of  State  Highway  162  and  the  Trinity 
River.  The  study  area  was  located  on  the  west  side  of  the 
river  (Fig.  11-08) . 

Topographically,  the  study  area  is  generally  flat. 
Several  lakes,  swamps,  and  sloughs  were  present,  the  most 
obvious  of  which  were  Gaylor  Lake  and  Hud  Lake.  The  area  is 
drained  by  Tanner  Bayou,  Little  Bayou  and  Gaylor  Creek.  The 
river  terrace  extends  from  near  Gaylor  Lake  southward  to 
Capers  Ridge  where  it  projects  eastward  along  Capers  Ridge 
almost  to  the  Trinity  River. 

Geologically,  most  of  the  study  area  is  composed  of 
Alluvium  deposits  of  Recent  origin.  Harginal  elevated  areas 
were  part  of  the  Deweyville  Formation  whereas  outcrops  of 
the  Beaumont  Formation  comprised  the  crest  of  Capers  Ridge. 
The  Deweyville  Formation  is  of  Recent  or  Pleistocene  origin 
while  the  Beaumont  Formation  is  of  Pleistocene  origin.  All 
deposits  are  within  the  Quaternary  Period. 

soil  surveys  were  incomplete  in  regard  to  the  study 
area  and,  as  a  result,  some  extrapolations  have  been  made. 
Based  on  available  information,  there  appeared  to  be  four 
major  soil  types  present.  These  were  Kaufman  clay, 
Forestdale  silt  loam,  Acadia  silt  loan  and  Tuckerman  loan. 
The  most  extensive  soil  was  the  Kaufman  clay.  The  Kaufman 
clay  soils  occupy  the  somewhat  poorly  drained  bottonland 


Table  11-36.  Suneary  of  frequency,  density,  and  dominance  data  for  plant  species 
located  in  Sites  3,  4,  5,  and  6  {land  areas  associated  with 
The  Break,  Seith  Break,  and  Brushy  Lake). 
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tloodplain  areas.  They  are  suited  primarily  for  pond 
reservoir  areas  and  woodland  and  wetland  wildlife  (U.S. 
Depart went  of  Agriculture,  unpublished  data).  They  have 
soae  potential  for  grassland.  The  Forostdale  sxlt  loan 
soils  were  slightly  elevated  above  and  generally  bordering 
the  Kaufean  clay  soils.  Drainage  is  slow  and  ponding  occurs 
in  depressions.  They  are  poorly  suited  for  dwellings  but 
offer  a  fair  potential  for  cropland  and  grassland,  woodland 
production  is  favorable.  The  nost  elevated  sites  in  the 
study  area  contained  Acadia  silt  loae  soils.  The  Acadia 
soils  are  highly  productive  for  woodland,  suited  for 
wildlife  but  exhibit  only  a  fair  potential  for  cropland  and 
pasture.  They  are  poorly  suited  for  dwellings.  The 
Tuckeraan  soils  occupy  nearly  level  concive  areas  and  are 
generally  poorly  drained  and  ponded.  They  are  poorly  suited 
for  dwellings,  general  recreation  r.se,  cropland  or 
grassland  but  are  suited  for  pond  reservoir  areas  and 
wetland  wildlife. 

The  vegetation  of  the  study  area  was  aostly  bottoaland 
hardwood  forest.  Bordering,  higher  elevated  areas  supported 
soae  pines  and  other  upland  species.  Cleared  areas  were  few 
and  generally  associated  with  roads  and  pipelines.  Cattle 
grazed  aost  of  the  area  and  past  logging  was  evident. 

Land_Use 

Liberty  county  had  a  population  of  33,014  in  1970, 
about  half  of  which  resided  in  the  county's  four  largest 

towns  (Texas _ Alaanac,  1971).  The  econoay  is  based  on 

agribusiness,  varied  light  industry,  tourisa,  and 
eaployment  in  the  Houston  netrc  Dolitan  area.  Oil,  gas, 
sulfur,  sand  and  gravel  are  pcoduced  within  the  county. 
Agriculture,  based  aainly  on  rice  and  cattle,  contributes 
$15  Billion  annually  to  the  econo ny.  Sales  of  tiaber  within 
the  county  total  about  $2  Billiot  annually. 

With  no  National  Forests  or  >ther  reserved  land  within 
its  boundaries,  less  than  one- thi rtieth  of  Liberty  County's 
756,480  acres  was  classified  in  )67  as  urban  and  other 
non-coaaercial  area  (Table  11-37)  (Liberty  County 
Conservation  Needs  Coaaittee,  1970).  Of  the  coaaercial  land 
area,  60%  is  forested.  Between  1958  and  1967,  the  acreage 
of  forest  within  the  county  increased  slightly,  probably  as 
a  result  of  a  change  in  the  1 oundary  with  Harris  County 
which  increased  the  total  land  ai ea  of  Liberty  County. 


Table  11-37.  Liberty  County  land  area  (in  acres) . 

(froe  Liberty  County  Conservation  Meeds  Coaaittee,  1970 
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Of  the  approximately  270,000  acres  devoted  to 
agriculture  about  54%  is  in  cropland.  In  19S8,  cropland 
acreage  was  predicted  to  increase  roughly  9,000  acres  by 
1975,  but  by  1967  had  declined  20,000  acres  (Liberty  County 
Conservation  Reeds  Coaaittee,  1958  and  1970) .  Pastureland, 
predicted  to  increase  only  4,000  acres  between  1958  and 
1975,  had  already  junped  15,000  acres  by  1967.  the 
classification  "other  land",  including  building  sites, 
lawns,  barnyards,  fare  roads,  etc.,  was  expected  to 
increase  froa  about  1,200  acres  in  1958  to  slightly  less 
than  1,800  acres  in  1975.  Land  devoted  to  these  uses, 
however,  had  increased  spectacularly  to  just  under  8,100 
acres  by  1967. 

While  it  will  reaain  an  iaportant  aajor  land  use, 
cropland  acreage  will  likely  continue  to  decrease  in  th<i 
near  future.  Marginal  and  fallow  cropland  will  probably  bi 
converted  to  inproved  pasture,  a  pattern  conaon  to  all  of 
Bast  Texas.  It  appears  that  forests  will  decline,  generally 
being  converted  to  inproved  pasture  and  weekend  hose  sites. 

ilthough  the  8,074  acres  devoted  to  "other  land"  uses 
in  1967  was  hardly  sore  than  IS  of  the  coanty's  area,  it 3 
jusp  froa  only  1,183  acres  in  1958  was  unexpected,  and  the 
trend  visibly  continues.  The  boon  in  vacation  and  weekend 
hoae  construction,  with  attendant  roads  and  other 
facilites,  accounts  for  aost  of  the  increase.  Larger  and 
■ore  elaborate  levelopaents  will  continue  to  draw  pernanent 
residents  willing  to  coaaute  to  jobs  in  Houston  and 
Beaunont.  The  concentration  of  new  housing  developaents  on 
the  liaited  aaount  of  land  along  the  Trinity  Biver  and 
nearby  oxbow  lakes  sagnifies  the  iapact  beyond  that 
indicated  by  acreage  figures  alone. 

Oevelopaent  has  also  begun  in  the  Tanner  Bayou-Capers 
aidge  vicinity.  Weekend  houses  have  already  been  built  on 
Saylor  Lake.  I  large,  expensive  developaent  just  across 
Highway  162  is  the  fastest  growing  in  Liberty  County. 
Across  the  river  froa  Capers  Bidge  is  Knight's  Forest, 
another  large  developaent.  In  addition,  construction  has 
been  started  on  a  road  which  will  eventually  parallel  and 
open  for  developnent  a  portion  of  the  riverfront  to  the 
east  of  Gay lor  Lake. 

The  county's  appraisal  of  potential  for  outdoor 
recreational  developaent  (Anonysous,  1966)  rates  it  aediua- 
high  for  vacation  cabins,  cottages,  and  hoaesites.  It  has 
high  potential  for  picnic  and  field  sport  use,  as  well  as 
soae  appeal  for  canpers.  Despite  poorly  drained  soils. 
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terrain  too  flat  for  water  impoundment:*,  frequent  rain  and 
the  abundance  of  aosquites,  the  heavily  wooded  scenery 
along  the  Trinity  Biver  within  an  hour's  drive  of  Houston 
and  Beauaont  appeals  to  outdoor  recreation  seekers. 

Methods  and  ProggdHrgs 

Seven  study  sites  were  selected  within  the  Tanner 
Bayou  and  Capers  Bidge  areas  (Pigs.  11-09,  11-10,  and  II- 
11).  The  nore  undisturbed  plant  coeeunities  were  selected 
representing  variable  vegetative  types  present.  Transects 
were  positioned  within  each  study  site  as  indicated  in 
Figures  11-09,  11-10,  and  11-11.  A  total  of  1,700  plots 

(5a*)  were  analyzed.  Three  hundred  plots  were  analysed  in 
each  study  site  with  the  exceptions  of  Site  6  (100  plots) 
and  Site  7  (100  plots). 

B3£S£iBii2fi.gi.Stufll.SUg§ 

Sites  1  and  2  were  located  near  the  junction  of 
Highway  162  and  the  Trinity  River  (Fig.  11-09) .  These  sites 
were  on  Kaufsan  clay  soils  and  were  generally  flat.  Site  3 
was  situated  north  of  a  slough  near  the  river  (Fig.  11-09) . 
The  topography  was  flat  to  slightly  rolling  and  the  soils 
were  Kaufaan  clay.  Site  a  was  located  in  a  vegetational 
ecotone  associated  with  a  terrace  area  west  of  Gaylor  Lake 
(Fig.  11-10).  Topography  varied  fros  steeply  sloping 
ravines  to  generally  flat  conditions.  Soils  present 
included  Forestdale  silt  loan,  Acadia  silt  loas  and  Kaufsan 
clay.  Site  5  comprised  transects  in  association  with  Capers 
Bidge  (Fig.  11-11).  One  transect  followed  the  ridge  whereas 
the  other  two  transects  were  on  north-  and  south-facing 
slopes  respectively.  The  soils  were  probably  Forestdale 
silt  loan  and  Acadia  silt  loan.  The  ridge  gently  slopes 

froa  an  elevation  of  99  feet  to  an  elevation  of  35  feet. 

Site  6  was  a  flat  bottoaland  at  the  north  base  of  Capers 
Ridge  and  Site  7  was  a  swaap  at  the  foot  of  the  south  slope 
(Fig.  11-11).  Site  6  was  probably  situated  on  the  Kaufaan 

clay  soil  and  Site  7  on  the  Tuckeraan  loan  soil. 

ssgalAa 

Site  1 

The  predoainant  woody  species  at  site  1  based  on 
iaportance  value,  were  Texas  sugarberry  (Celtis  laevigata* 
and  pecan  (Caryg  jllipoinensis)  (Table  11-38) .  Both  were 
well  distributed  and  displayed  good  size  class  distribution 

(Table  11-39).  Dogwood  i£ 2£M3 _ racenosa) .  swaap  privet 

H2£3gUg£l_asaiAflalftL«.  and  water  ela  Iglaaera  aguatlca) 


*  -  •* 


Figure  11-10.  Showing  site  4  and  positions  of  transects  within  that  site. 


Figure  11-11.  Showing  sites  5,6,  and  7  and  the  position  of  transects  within  these  sites. 
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were  also  prevalent.  Stem  size  (dbl )  for  these  species, 
however,  was  generally  between  1  and  20  ca.  Larger  trees  of 
sweetgua  ILiguiflaabar  Stviaciflua)  and  sycamore  (P  j,atanus 
were  frequently  observed  (Table  11-39).  There 
were  27  species  of  woody  plants  with  dbh  of  1  ca  or  greater 
recorded  within  this  study  site. 

Site  2 

Cedar  ela  (Ulaus  crassifolia) .  Texas  sugarberry  and 
water  oak  (Quercus  nigra?  were  the  principal  woody  species 
at  site  2  (Table  11-40) .  Other  associated  doainant  species 

were  winged-ela  (Ulaus _ ala  ta]_r  deciduous  holly  (Ilex 

decidua)  and  bastard  oak  "(Quercus  sinuata)  .  The  forest  at 
Site  2  was  generally  coaposed  of  trees'wlth  dbh  less  than 
40  cm  (Table  11-41).  Only  occasionally  were  larger  trees 
observed  and  these  were  usually  representatives  of  Texas 
sugarberry,  water  oak,  bottoaland  post  oak  and  southern  red 

oak  (Uuecyus _ falcate) .  There  were  28  species  of  woody 

plants  recorded  at  site  2. 


Site  1 

The  overstory  woody  vegetation  in  Site  3  consisted 
chiefly  of  Texas  sugarberry  and  sweetgua  (Table  11-42). 
Trees  of  these  species  ranged  up  to  60  ca  in  diameter 
(Table  11-43).  Pecan,  bald  cypress  tTaxodiua  distichua)  and 
water  oak  were  also  prevalent  and  shoved  good  size  class 
distribution.  The  largest  trees  recorded  were  those  of 
water  oak.  other  doainant  species  including  deciduous 
holly,  dogwood,  cedar  ela,  winged-ela  and  ela  (Ulaus  spp.) 
were  generally  saall  in  size  with  aost  plants 
representative  of  the  1-10  cm  size  class  (Table  11-43).  A 
total  of  37  species  occurred  at  Site  3. 

Site  4 

There  were  54  species  recorded  at  Site  4.  The  wore 
varied  topography  of  this  area  is  the  likely  cause  of  its 
greater  species  diversity.  Two  transects  were  run  on  a 
slope  and  one  on  a  flat  bottomland.  The  upper  part  of  the 
slope  was  doainated  by  yaupon  (Ilet  voaitoria) .  sweetgua 
and  eastern  hophornbea*  (Ostpya  virqlniana) .  Associated 
prevalent  species  were  American  ieautyberry  ~ (Callicarna 

filtSicanai*  blue  beech  iCapjoinas _ caroliniana )x  southern 

magnolia  lftagaglia_gEanfli  j jgpu)  and  loblolly  pine  (Pinus 
idSdali  The  middle-slope  area  vis  coaposed  priaarily  of 
blue  beech.  Other  principal  species  were  sweetgua,  southern 
aagnolia,  American  beautyberry,  yaupon,  eastern 


i 


Table  11-38.  Frequency,  density  and  doainance  data  for  plant  species  located  in  the 
Tanner  Bayou  area  near  Highway  162,  Site  1. 
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Table  11-38  for  a  list  of  other  species  present 


Table  11-42.  Frequency,  density  and  dominance  data  for  plant  species  located  in  the 
Tanner  Bayou  area  near  Highway  162,  Site  3. 
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hophornbeaa,  winged-ela  and  southern  red  oak.  The  dominant 
tree  species  in  the  flat  bottoaland  area  were  blue  beech, 
cedar  ela,  chestnut  oak  JQ ug£Sj|g  .gllflflgl  and  sweetgua. 
Other  prevalent  species  included  water  oak,  Texas 

sugarberry,  southern  red  oak,  red  aaple  (Acer _ rubrua)  and 

honey  locust  (GledjLtsia  t riaca ntfeosl , 

Table  11-44  is  a  suaaary  of  the  slope  and  bottoaland 
transect  results  at  Site  4  and  indicates  that  blue  beech, 
sweetgua,  yaupon  and  southern  aagnolia  were  the  overall 
doainants.  Eastern  hophornbeaa,  Aaerican  beautyberry,  and 
cedar  ela  were  also  prevalent.  Tree  diaaeters  were 
generally  within  the  1-10  ca  size  class  (Table  11-45). 
Large  trees  of  sweetgua,  southern  aagnolia,  southern  red 
oak,  chestnut  oak,  water  oak  and  loblolly  pine  were 
occasionally  encountered. 


Site  5 

The  predoainant  species  along  the  crest  of  Capers 
Ridge  was  yaupon.  Trees  of  sweetgua,  Texas  sugarberry,  and 
winged-ela  were  also  quite  abundant.  Aaerican  beautyberry, 
which  is  a  shrub,  was  also  frequently  encountered.  The 
north  slope  of  Capers  Ridge  contained  a  preponderance  of 

giant  cane  JArundin«i& _ qiqantea) .  Sweetgua  was  also 

doainant.  Of  lesser  abundance  was  water  oak,  Texas 
sugarberry,  winged-ela  and  Aaerican  beautyberry.  Devil's- 
ualking-stick  jAgalja  spjLnosp)  .  water  oak  and  black  walnut 
(Juqlans  nigra)  were  occasionally  observed.  Yaupon  was  the 
doainant  woody  species  on  the  south  slope,  and  along  with 
Aaerican  beautyberry,  dominated  the  shrub  layer.  Prevalent 
tree  species  coaprising  the  aid-  and  upper-layers  were 
sweetgua,  Texas  sugarberry  and  winged-ela. 

The  overall  doainants  of  Site  5  as  suaaarized  in  Table 
11-46  were  yaupon,  sweetgua,  giant  cane,  and  Texas 
sugarberry.  Winged-ela,  water  oak,  and  Aaerican  beautyberry 
were  prevalent  but  less  frequently  encountered.  Host  woody 
plants  on  Capers  Ridge  had  stea  diaaeters  between  1  and  10 
ca  (Table  11-47) .  Occasionally,  however,  large  trees  of 
sweetgua,  Texas  sugarberry,  water  oak,  black  walnut,  and 
sycaaore  (Platanus  gcgjdentalis)  were  observed.  There  was  a 
good  species  diversity  at  Site  5  with  45  woody  tree  and 
shrub  species  being  recorded. 

Site  6 

The  bottoaland  vegetation  at  Site  6  consisted  chiefly 
of  overcup  oak  (Ouercus-lYcatal^  green  ash  jlrajtpaf 


Table  11-44.  Frequency,  density  and  doainance  data  for  plant  species  located  in  the 
Tanner  Bayou  area  nest  of  Gay lor  Lake,  Site  4. 
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See  Table  11-44  for  a  list  of  other  species  present 
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E9S§2i2£ili££i.x  hawthorn  (Crataegus  ;.pp.),  water  hickory 

ISi£I£ _ auuatica)  and  deciduous  holly  (Table  11-48).  This 

site  Is  quite  wet  during  spring  and  early  saioer  but  often 
is  dry  during  late  suaaer  and  fall.  Twenty-three  species 
were  found  at  Site  6  with  representatives  generally  having 
stea  diaaeters  less  than  40  ca  (Table  11-49) . 

Site  7 

Site  7  was  a  saall  shallow  persistent  swaap  with  water 
depths  usually  less  than  2  ~eet.  Green  ash  was  the 
predoainant  species  in  the  swaap  (Tabl  e  11-50)  .  Overcap  oak 
and  water  ela  were  also  frequently  recorded.  Other 

associated  species  were  bald  cypress  and  water  locust 
(Gj.edjtsia  auuatica)  .  Green  ash,  overcup  oak,  bald  cypress, 
and  water”  hickory  were  t  te  only  species  with 

representatives  having  stea  d  aaetcrs  greater  than  30  ca 
(Table  11-51).  Sixteen  species  were  recorded  at  Site  7. 
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Table  11-48  foe  a  list  of  other  species 


Table  11-50.  Frequency,  density  and  dominance  data  for  plant  species  located 
in  a  svaap  south  of  Capers  Hidge,  Site  7. 
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Appendix  11-a.  Partial  checklist  of  hi  rbaceons  species  in  the  Trinity  River 
Basin  including  annotation  oi  rare  and  endangered  species  according  to 
the  Rare  Plant  Study  Center  (1973)  (indicated  by  *)  and  the  Texas  Organ¬ 
ization  for  Endangered  Species  (1973)  (indicated  by  **). 


Common  name 


Scientific  name 


Agrimony 
Agrimony 
Alfafa 
Amaranth 
Amaranth 
Amberique  bean 
American  basket-flower 
American  germander 
American  nightshade 
**  American  potato  bean 
Annual  fleabane 
Annual  hairgrass 
Annual  yellow  sweet-clover 
Antelope  horn 
Arrowhead 
Arrowhead 


Agrimonia  parvlflora  Ait. 

Agrimonia  rostellata  Wallr . 

Medicago  sativa  L. 

Amaranthus  arenicola  I.  M.  Johnst. 

Ama ran thus  Palmeri  Wats . 

Strophostyles  helvola  (L.)  Ell. 

Centaurea  americana  Nutt . 

Teucrium  canadense  L. 

Solanum  americanum  Mill. 

Aplos  americana  Medic. 

Erigeron  annuus  (L.)  Pers. 

Aira  elegans  Gaud. 

Melilotus  indicus  (L.)  All. 

Asclepias  viridis  Wall. 

Sagittaria  gramlnea  Michx. 

Sagittaria  montevidensls  Cham.  &  Schlecht 
Sagittaria  platyphylla 


Arrowhead 


Engelm. 
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Appendix  II- a.  Continued. 


Common  name 

Scientific  neme 

Arrowvine 

Polygonum  sagittatum  L. 

Aster 

Aster  Eulae  Shinners 

Aster 

Aster  lateriflorus  (L.)  Britt. 

Aster 

Aster  patens  Ait. 

Aster 

Aster  pratensis  Raf. 

Aster 

Aster  subulatus  Michx. 

**  Atlantic  pigeon  wings 

Clitoria  mart ana  L. 

Autumn  be  itgrass 

Agrostia  perennans  (Walt.)  Tuckerm. 

Autumn  zephyr-] ily 

Zephyranthes  Candida  Herb. 

Baby  blue -eyes 

Nemophila  microcalyx  (Nutt.)  Fisch. 

&  Mey. 

Baby  blue-eyes 

NemophiLa  phacelioides  Nutt. 

Bahia  grass 

Paspalum  notatua  Flugge 

Baldwin  ironweed 

Vernonia  Baldwinii  Torr. 

Balloon-vine 

Cardiospermum  Halicacabum  L. 

Barley 

Hordeum  vulgare  L. 

Barnyard  grass 

Echinochloa  crusgalli  (H.B.K.)  Hitchc. 

Barnyard  grass 

Echinochloa  crusgallli  (L.)  Beauv. 
var.  zelayensis  (H.B.K.)  Hitchc. 

Beak  rush 

Rhynchospora  caduca  Ell. 

Beak  rush 

Rhynchospora  capitellata  (Michx.) 

Vahl 

Beak  rush 

Rhynchospora  globular is  (Chapm.)  Small 

Beak  rush 

Rhynchospora  glomerata  (L.)  Vahl 

Appendix  11-A.  Continued. 
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Common  name 


Scientific  name 


Beaked  cornaaiad 
Beard  grass 

Beard-tongue 
**  Beard-tongue 
Bear's  foot 
Beggar-ticks 
Beggar-  :ks 
Beggar' a-ticks 
Beggar' a- ticks 
Beggar 'a-ticka 
Burmuda  grass 
Big  bluestem 
Bitterweed 
Black  medic 
Blackaeed  needlegrass 
Black  snakeroot 
Bladder-pod 
Bladder  pod 
Bladder  sedge 
Bladdervort 
Blazing-star 
Blister  buttercup 


Valerimella  radiata  (L.)  Dufr. 

Bothrlochloa  saccharoides  var. 
longipaniculata  (Gould)  Gould 

Penstemon  laxiflorua  Penn. 

Penstemon  teruis  Small 

PolymnLa  Uvedalia  (L.)  L. 

Bidena  discoidea  (T.  &  G.)  Britt. 

Bidena  laevis  (L.)  B.S.P. 

DesmodLum  Nuttallii  (Schindl.)  Schul. 

DesmodLum  obtusum  (Willd.)  DC. 

De8modium  vii Idiflorum  (L.)  DC. 

Cynodon  Dactylon  (L.)  Pers. 

Andropogon  Gerard i  Vitman 

Helenium  amarum  (Raf . )  Rock 

Medicago  Lupulina  L. 

Stipa  avenacea  L. 

SanicuLa  canadensis  L. 

Lesquerella  recurvata  (Gray)  Wats. 

Sesbania  vesicaria  (Jacq.)  Ell. 

Carex  Intumescens  Rudge 

Utricvr  aria  gibulata  L. 

Liatris  pycnoatachya  Michx. 

Ranunculus  scoleratus  L. 


Appendix  Il-a.  Continued. 


Common  name 


Scientific  name 


Bloodleaf 
Blue-eyed  grass 
Blue-eyed  grass 
Bluegrass 
Bluegrass 
Blue  jasmine 
Blue  larkspur 
*  '  Blue  sage 
Blue  star 
Bluet 
Bluet 

Blunt-lob<  d  voodsla 
Blunt  spi  lerush 
Bog-hemp 

Bog  marsh -cress 
Bog-rush 
Branched  sedge 
Brazilian  vervain 
Britton  :  edge 
Broadleai  signalgrass 
Brome 
Brookveed 


Iresine  rhlzomatosa  Standi. 

Slsvrinchium  Langloisii  Greene 

Slsvrinchium  pruicosum  Bickn. 

Poa  annua  L. 

Poa  autumnalis  Ell. 

Clematis  crlspa  L. 

Delphinium  carolinianum  Halt. 

Salvia  azurea  Lam. 

Amsonia  lllustris  Woods . 

Hedyotis  nigricans  (Lam.)  Fosb. 

Hedy otis  uniflora  (L.)  Lam. 

Woods ia  obtusa  (Spreng.)  Torr. 

Eleocharis  obtusa  (Willd.)  Schult. 

Boehmerla  cylindrica  (L.)  Sw.  var. 
cylindrica 

Ror  Lppa  islandica  (Oeder)  Borbas 
J uncus  trigonocarpus  Steud. 

Carex  decomposite  Huhl. 

Verbena  brasiliensis  Veil. 

Carex  Brittoniana  Bailey 
Brachiaria  platyphylla  (Griseb.)  Nash 
Bromus  commutatus  Schrad . 

Samolus  parvlflorus  Raf . 


Appendix  Il-a.  Continued 
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Common  name  Scientific  name 

Andropogon  virginlcus  L. 

Xanthocephalum  dracunculoides  (DC.) 

Shinners 

Xanthocephalum  texanum  (DC.)  Shinners 

Paspalum  plicatulum  Michx. 

Panicum  fasciculatmn  Sw. 

Plantago  arlstata  Michx. 

Solanum  rostr  itum  Dun. 

Cucurbits  foet idiBBlma  H.B.K. 

Buchloe  dacty  oldes  (Nutt.)  Engelm. 

Cnidoscolus  txanua  (Muell.  Arg.) 

Small 

Circium  horridulum  Michx. 

Scirpu3  koilo  epls  (Steud.)  Gl. 

Galium  obtusun  Bigel. 


Bur-clover 

Burhead 

Burhead 

Butter-  and-eggs 
Buttercup 
Butter<  up 
Butterfly  pea 
Butterfly  weed 


Medicago  polynorpha  var.  vulgaris 
(Benth.)  Shinners 

Kchinodorus  cordifolius  (L.)  Griseb. 
Echinodorua  rostratus  (Nutt.)  Engelm. 
hinaria  vulgaris  Mill. 

Ranunculus  carollnianus  DC. 

Ran unci  lus  pwr  f llus  Poir. 

Centrosema  virginianum  (L . )  Bent  i . 
Asclepias  tubcrosa  L. 


Broomscdgn 

Broomweed 

Broomweed 

Brownsaed  paspalum 
Brownt jp  panic  grass 
Buckth  >rn 
Ruffal  i  bur 
Buffal >  gourd 
Buffal  >  grans 
Bull-n  ;ttle 

Bull-thistle 

Bulrusu 

Bluntleaf  bedstraw 


rr 
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Appendix  Il-a.  Continued. 


Common  name  Scientific  name 


Butterweed  Sen  elo  RlabelluB  Potr. 


Button  clover 
Button  weed 
Camphor-weed 
Canada  wild-rye 
Canary  grass 
Canary  grass 
Cardinal  flower 
Carolina  clover 
Carolina  geranium 
Carolina  horse-nettle 
Carolina  modiola 
Carolina  sedge 
Carpet  grass 
Catchfly  grass 
Catchweed  beds t raw 
Cat-tall 
Chain  fern 
Cha8manthium 
Chervil 

Chicken  spike 
Chickweed 

ki 


Medicago  orbicularis  (L.)  Bartal. 

Diodia  virginiana  L. 

Pluchea  camphorata  (L.)  DC. 

Elymus  canadensis  L. 

Phalaris  canarienaia  L. 

Phalaris  caroliniana  Walt . 

Lobelia  cardlnalis  L.  var.  cardinalia 

Trifolium  carolinianum  Michx. 

Geranium  carolinianum  L. 

Solanum  carol inense  L. 

Modiola  caroliniana  (L.)  G.Don. 

Carex  caroliniana  Schweln. 

Axonopua  af finis  Chase 

Leersia  lenticularis  Michx. 

Galium  Aparine  L. 

Typha  domingensls  Pers. 

Lorlnseria  areolata  (L.)  Presl. 

Chasmanthium  laxum  (L.)  Yates 

Chaerophyllum  Tainturieri  Hook,  var 
Tainturierl 

Sphenoclea  zeylanica  Gaert. 

Cerastium  brachypodum  (Engelm.)  Robins. 
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Appendix  Il-a.  Continued. 


Comma,,  name 


Scientific  name 


duckweed 

Christmas  fern 

**  Cinnamon  fern 

Clammy  groundcherry 
Claruny-weed 

Clasping  Venus'  looking  glass 
•,limbiag  dogbau? 

Cl's r  3  *  el 

=••  -  -  a  ■  e4 

■o&.-'c  sandWt 
Cccxiebur 
Common  cat-tail 
Common  ehickweed 
Common  green-briar 
Common  horehound 
Coasacrt  mouse  ear 
Concon  mullein 
Co  taco  n  self-heal 
Common  3unf lower 
Conaaon  yarrow 
Cone-spur  blaaderwort 


Cerastlum  giomoracum  Thuill. 

Polystichum  acrostlchoides  (Mic  ix. ) 
Schott 

Qsmunda  cinnamomea  L. 

Phy8alia  heterophylla  Nees 

Pol onisia  erosa  (Nutt.)  litis 

cubsp  r  r  ;.q 

Triodanis  pufotiata  tL.)  Nieuv. 
Trachelo:  peimum  dxfrorme  Gray 
1  _  £  •  _  ;„j,«  <■<-  -  h  .  ov. 

.U'  L  ,£  (t .<  4-....  id. 
Cc-ojhy..;,  .  .-i -,<a  H.  .i.  Curtis 
idothium  strumarium  L. 

Typc.a  latifclia  L. 

Stellaria  media  (L.)  C>r. 

Smilax  rotundifolia  L. 

Marrubium  vulgare  L. 

Cerastlum  vulgatum  L. 

Verbascum  Thapsus  L. 

Prunella  vulgaris  L. 

Helianthus  annuus  L. 

Achi 1 lea  millefolium  L. 

LV  .-.larij,  ,  ibba  1 
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Appendix  Il-a.  Continued. 


Common  name 


Scientific  name 


Cora  1  bean 
Coreopsis 
Cotton  thistle 
Cowpen  daisy 
Creeping  bush  clover 
Creeping  rush 
Creeping  spot  flower 

Creeping  water  primrose 

Croton 

Croton 

Crowfoot  sedge 
Crow  poison 
Cudweed 
Cudweed 
Cupgrass 

Cut-leaved  evening  primrose 

Cylindric-fruited  ludwigia 

Dakota  vervain 

Day flower 

Day flower 

Dayf lower 

Deer  pea  vetch 


Erythrina  herbacea  L. 

Coreopsis  cardaminaefolia  (DC.)  Nutt. 

Ompordum  Acanthlum  L. 

Verbesina  enceloides  (Cav.)  Gray 

Le.tpedeza  repens  (L.)  Bart. 

Jur  cus  regens  Kichx. 

Spi lanthea  amerlcana  var .  repens 
(Walt.)  A.H.  Moore. 

Ludwigia  peploides  (H.B.K.)  Raven 
subsp.  peploides 

Croton  glandulosus  L. 

Crc  ton  Lindheimerianus  Muell . 

Cai ex  cruB-corvi  Kunze 

Not  hoscordum  bivalve  (L.)  Britt. 

Gnaphalium  falcatum  Lam. 

Gnaphalium  pensilvanlcum  Willd. 

Eriochloa  sericea  (Scheele)  Monro. 

Oenothera  lacinlnta  Hill. 

Ludwigia  glandulosa  Walt. 

Verbena  biplnnatif Ida  Nutt . 

Coinmelina  comnunis  L. 

Cowmelina  erects  L. 

Commelina  erecta  var.  De*nr*ana  Fern. 

Vlcia  ludoviciana  Nutt . 


Appendix  Il-a.  Continued 


Common  name 


Scientific  name 


Deer  vetch 

Dichanthium 

Dicliptera 

Ditch  stonecrop 

Dock 

Dodder 

Dognettle 

Downy  chess 

Downy  ground  cherry 

Dracopls 
Drummond  phlox 
**  Drummond  wax-mallow 

Duck  potato 
Dwarf  dandelion 
Dwarf  dandelion 
Dwarf  spikerush 
Dye  beds t raw 
Ebony  spleenwort 
Kchinochloa 
Kclipta 

i lephant' s-foot 


Lotus  Purshianus  (Bench.)  Clem.  & 
Clem. 

Dichanthium  annulatum  Stapf 
Dicliptera  brachiata  (Pursh)  Spreng. 
Penthorum  sedoides  L. 

Rumex  chrysecarpua  Mcris> 

Cmcuta  coiapac  ;  a  )u3S. 

Urtica  urens  L. 

Bromua  tectemm  L. 

Pcyeftii.-  >  '«**■-  ena  var.  lntegrlfolla 
(Dun.)  Waterfall 

Pi acopis  amplexiaulls  (Vahl)  Cass. 

Phlox  Drummond! 1  Hook. 

Ma lvaviscus  arboreus  var.  Drummond ii 
(T.  &  G.)  Schery 

Sagittaria  latifolia  Hllld. 

Krlgia  gracilis  (DC.)  Shinners 

Krigia  virginica  (L.)  Willd. 

Eleocharis  parvula  (R.  &  S.)  Link 

Galium  tinctorlum  L. 

Asplenium  platyneuron  (L.)  D.  C.  Eat. 

Echinochloa  Walter!  (Pursh)  Heller 

Eclipta  alba  (L.)  Hassk. 

Elephantopus  carol  in,  anus  keltic  > 


:  1 


Appendix  11-a.  Continued 


Common  name 


Scientific  name 


Elephant's-foot 
Engelmann  daisy 
Eryngo 
Eryngo 

Evening  primrose 
Eyebane 
Fall  panic 
Fall  wltchgrass 
False  dandelion 
False  dandelion 
False  pimpernel 
False  ragweed 
Fewf  lower  tickdover 
Fiddle  dock 
Flmbrlstylls 
Finger  dogshade 
**  Finger  lionsheart 
Fireweed 

Flat  sedge 
Flat  sedge 
Flat  sedge 
Flat  sedge 


Klepliantopus  tomentosua  L. 

Engel mannia  plnnatlfida  Nutt . 
Eryngium  Hooker!  Walp. 

Eryngium  integrifolium  Walt. 
Oenothera  heterophylla  Spach. 
Euphorbia  nutans  Lag. 

Panicum  dlchotomif lorum  Michx. 
Leptoloma  cognatua  (Schult . )  Chase 
Pyrrhopappus  carolinianus  (Walt.)  DC. 
Pyrrliopappus  multicaulls  DC. 
Lindernia  anagallidea  (Michx.)  Penn. 
Parthenium  Hysterophorus  L. 

Desmodium  pauc if lorum  (Nutt.)  DC. 
Rumex  pulcher  L. 

Fimbri8tylls  autumnalis  (L.)  R.  &  S. 

Cynosciadium  digitatum  DC. 

Phvaostegia  Digitalis  Small 

Erechtites  hleracifolla  var. 
intermedia  Fern. 

Cyperus  acuminatus  T.  &  G. 

Cyperus  brevifollus  (Rottb.)  Haask. 

Cyperus  erythrorhisos  Muhl. 

Cyperus  globulosus  Aubl. 


a-11 


Appendix  I l -a.  Continued. 


Common  name 


Scientific  name 


Flat  sedge 
Flat  sedge 
Flat  sedge 
Flat  sedge 
Flat  sedge 

Flat  sedge 
Flat  sedge 
Flat  sedge 
Flat  sedge 
Fleabane 

Flower-<  >  f-an-hour 
Forge t-me-not 
Forked  blue  curls 
Forked  rush 
Fourspike  heliotrope 
Fox  sedge 
Foxtail 
Fragile  fern 
Fragrant  cudweed 
Frostweed 
Franks  sedge 
Fringed  slgnalgrass 


Cyperus  Haspan  L. 

Cyperus  odoratus  L. 

Cyperus  ovularis  (Mlchx.)  Torr. 

Cyperus  pseudovegatus  Steud. 

Cyperus  polys tachyos  var.  texensls 
(Torr.)  Fern. 

Cyperus  retrofractus  (L.)  T.  &  G. 
Cyperus  setigerus  T.  &  H. 

Cyperus  strlgosus  L. 

Cyperus  surinamensla  Rottb. 

Erigeron  tenuis  T.  &  G. 

Hibiscus  trionum  L. 

Myosotls  vema  Nutt. 

Trichostema  dichotomum  L. 

Juncus  dichotomus  Ell. 

Heliotropium  procumbens  Mill. 

Carex  vulpinoidea  Mlchx. 

Alopecurus  carol inianus  Walt. 
Cystopteris  fragills  (L.)  Bernh. 
Gnaphalium  obtusifollum  L. 

Verbesina  virginica  L. 

Carex  Frankli  Kunth . 

Brachiaria  ciliatlsslma  (Buckl.)  Chase 


.  -w.-~fc.mL  Awe 
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Co anon  nans 


Scientific  name 


Gaura 

Gay  feather 

Giant  ragweed 

Globe-berry 

Golden  aster 

Colden  aster 

Goldenrod 

Goldenrod 

Goldenrod 

Grassleaf  ruah 

Gray  vervain 

Green  aaaranth 

Green  dragon 

Green-eyes 

Green  gerardia 

Green  parrot's  feathers 

Green- thread 

Groawell 
Ground  cherry 
Ground  cherry 


Gaura  f illfornis  Snail 

Liatria  elegana  (Walt.)  Mlchx. 

Ambrosia  trifida  L. 

Ibervilles  Lindhelmeri  (Gray)  Greene 

Hetero theca  latlfolla  Buckl . 

Heterotheca  plloaa  (Nutt.)  Shlnners 

Solidago  altlsslna  L. 

Solidago  nit Ida  T.  &  G. 

Solidago  nemoralls  Alt . 

J uncus  narglnatus  Rostk. 

Verbena  canescens  H.B.K. 

Ariaranthus  viridls  L. 

Arlaagma  Dracontiun  (L.)  Schott. 

Berlandiera  punlla  (Mich*.)  Nutt. 

Agallnls  viridls  (Snail)  Penn. 

Myriophyllun  pinnatun  (Walt.)  B.S.P. 

Thalesperna  flavodiscun  (Shlnners) 

B.  L.  Turner 

Llthospemun  tubarosun  A.  DC. 

Physalis  angulata  L. 

Physalis  angulata  var.  pandula  (Rydb.) 
Waterfall 

Physalis  Virginians  Mill. 


~  - - - -■ . 


Ground  cherry 


Appendix  11-a.  Continued 


Common  name 


Scientific  name 


Ground  .9  el 
Gulf  croton 
Gulf  vervain 
Gummy  lovegrass 
llai>:y  f our-o-clocK. 
Hairyaeed  paspaluu 
Hairy  bush  clover 
Hairy  grama 
Haley  vetch 
Hammerwort 
r  .Nfk'  a-beurd 
Fa vr t leaf  uattle 
Heartleaf  nettle 

Heart  sorrel 
Hedge-parsley  . 
Hoary  t ick clover 
Hooked  peppervort 
Hooker  eryngo 
Horned  rush 
Horsenint 


Seneci  impa r ip innatus  Klatt 
Croton  punctatus  Jacq. 

Verbena  xutha  Lehm. 

Eragrrgti3  curtipedicellata  Buckl. 

lit  1  _  ?./.  (Ic.cfcb)  KacM 

Paspai urn  pub if lor um  Fourn. 

Leaped oza  hirsuta  (L.)  Hornem. 

Boutelcua  hirsuta  lag. 

Vic  la  ylllw ;;  Ruth . 

rti  ie  . :  a  pe  jylvanic  i  Muhl. 

Creplr.  capillar  la  (L . )  Wall*  . 

Urtica  chamaedryoldes  Pursh 

Urtica  chamaedryoldes  var .  Runyonii 
Correll 

Rumex  hastatulus  Ell . 

Torilus  arvensls  (Huds . )  Link 

Desmodium  canescena  (L.)  DC. 

Marsilea  uncinata  A.  Br. 

Eryngium  Hooker!  Walp. 

Rhynchospora  cornlculata  (Lan.)  Gray 

Mona r da  cittlodora  Cerv. 

Equ is e turn  hyeaale  vev  affine 
(I'ngelm  )  A. A.  hi 


Horae i ail 
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Coanon  name  Scientific  name 


Horse-weed 
Hummock  sedge 
Hydrolea 

Illinois  bundleflower 
India  heliotrope 
Indian  blanket 
Indian  chickweed 
Indian  grass 
Indian  hemp 
Indian  strawberry 
Inland  sea  oats 
Inland  rush 

Intermediate  lions  heart 

Ironweed 
Ironweed 
Ivy  treebine 
Japanese  bushdover 
Japanese  chess 
Johnson  grass 
Joint-tail 


Conyza  canadensis  (L. )  Cronq. 

Carex  Joori  Bailey 
Hydrolea  ovata  Cholsy 
Deamanthus  illinolensis  (Hichx . )  MacM. 
Heliotropium  indicun  L. 

Gail lard la  pulchella  Foug. 

Mo  Hugo  vertlcillata  L. 

Sorghastrum  avenaceun  (Miehn.)  Nash 
Apocynum  cannablnua  L. 

Duchesnea  indies  (Andr  * . )  Fodke 

f 

Chasnanthium  latifollun  (ltich*» )  Tates 

Juncus  interior  Wieg.  " 

Physostegia  intermedia  (Nutt.) 

Engelm.  &  Gray 

Vernonla  aissurlca  Kaf . 

Vemonia  texana  (Gray)  Snail 

C1S8U8  incisa  (Nutt.)  Des  Moul. 

Lespedeza  striata  (Thunb.)  H.  &  A. 

Bronus  laponicus  L. 

Sorghum  halepense  (L.)  Pers. 

Manlsuris  rugosa  (Nutt.)  0.  Ktse. 

Polygonum  vlrginlanun  L. 


Jumpseed 

Jungle-rice 


Bchlnochloa  tolonun  (L.)  Link 
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Common  name 

Scientific  name 

i  uni pc^  leaf 

Polypremum  procumbens  L. 

Kallstcoemia 

Kails troemia  parviflora  Mort. 

Knotted  hedge-parsley 

Torills  nodosa  (L.)  Gaert. 

Kno tweed 

PolyRonum  crista turn  Engelm. 

Lance- 1 eaved  wa' ( r-willow 

Justicia  lanceolate  (Chapm. )  Small 

Late-flowering  thoroughwort 

Eupatorium  serotinum  Michx. 

Loaf-flower 

Phyllanthus  polygonoides  Spreng. 

Leaf-f lower 

Phyllanthus  pudens  Wheeler 

Leather-flower 

Clematis  Pltcherl  T.  &  G. 

leathery  rush 

J uncus  corlaceus  Mack. 

Leavenworth  vetch 

Vicia  Leavenworthil  T.  &  G. 

Leucoapora 

Leucospora  multiflda  (Michx.)  Nutt. 

Leers la 

Leers ia  hexandra  Sw. 

lettuce 

Lactuca  floridana  (L.)  Gaertn. 

Little  barley 

Hordeum  pusillum  Nutt. 

Little  blueatem 

Schizachyrium  scoparium  (Michx.)  Nash 

Little  burclover 

Medlcago  minima  (L.)  L. 

Little  mallow 

Malva  parviflora  L. 

Little  quaking  grass 

Briza  minor  L. 

**  Lizard's  tail 

Saururus  cernuus  L. 

Lovegrasa 

Eragrostis  hirsuta  (Michx.)  Nees 

Lovegrass 

Eragrostis  hypnoides  (Lam.)  B.S.P. 

I 
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Common  name 


Low  hope  lover 
Low  poppy-mallow 
Lyre-leaf  sage 


Maidencane 


Marigold  dogwood 
Marijuana 


Marsh-elder 


Marsh-elder 


Marah-fleabane 


Marsh  purslane 
Maryland  senna 


Mauchla 


Maximilian  sunflower 


Meadow  beauty 
Meadow  beauty 


Melonette 


Mexican  hat 


Milkweed 


Milkweed 


Milkweed 


Missouri  violet 


Ml  at- flower 


Scientific  name 


Trifolium  campestre  Sturm. 


Calllrhoe  involucrata  (Torr.)  Gray 


Salvia  lyrata  L. 


Panicum  hemltomon  Schult. 


Dyasodia  tagetoldes  T.  &  G. 
Cannabis  sativa  L. 


Iva  angustilolia  DC. 


Iva  annua  L. 


Pluchea  purpurascena  (Sw.)  DC. 
Ludwigia  paJuatris  (L.)  Ell. 


Cassia  mar  Handles  L. 


Bradburla  hJrtella  T.  &  G. 


Helianthus  Maximil ianl  Schrad. 


Rhexla  marlana  L. 


Rhexla  petiolata  Walt. 


Melothria  pendula  L. 


Ratibida  columnar is  (Sims)  D.  Don. 


Asclepias  obovata  Ell. 


Asclepias  rubra  L. 


Asclepias  virldiflora  Raf . 


Viola  missouriensis  Greene 


Eupatorlum  coelestinum  L. 


» 
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Common  name 


Scientific  n  une 


Mock  bishop' s-weed 
Mock  pennyroyal 
Mock  pennyroyal 
Monk  y- flower 
Morn.ng  glory 
Morning  glory 
Muhlouburg  sedge 
Muhly 
Nama 

Narrow  cell  cornsalad 

Narrow- leaved  vetch 

Narrow  plumegrass 

Nimblewill  muhly 

Northern  crabgrass 

Northern  frog  fruit 

Noseburn 

Noseburn 

Nutgrasa 

Oats 

Old  field  toad-flax 
Old  plainsman 


Ptilimniuro  c ipillaceum  (Michx.)  Raf. 
Hedeoma  l- rum nondil  Benth. 

Hedeoma  hiap idum  Pursh 
Mimulus  alat.is  Alt. 

Ipomea  lacun >3a  L. 

Ip  amt?  a  trich  '  car  pa  Ell. 

Carer.  l  on oc-rgii  Schkuhr. 

Muhlenbe'i  gxe  braci.y  ohylla  Bush 
Nama  h  tp.r.i  Gu  Gray 

Valeriarella  g tenocarpa  (Engel m. )  Krok 
Vici.ii  angust  ••.folia  L. 

Erianthus  sti  Ictus  BaLlw. 

Muhlenberg.ia  Schreberl  J.  F.  Gmel. 
Digitaria  sanguinalls  (L.)  Scop. 

Phyla  lanceolata  (Michx.)  Greene 
Tragia  cordata  Michx. 

Tragla  ramosa  Torr. 

Cyperus  rotundus  L. 

Avena  fatua  I.. 

Linaria  canadensis  (L .  Dum. 
Hymenopap^u.i  Gcablosaeug  L.  Her. 
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Common  name 

Scientii ic  name 

Opllsmenus 

Oplismet  us  hirtellua  subsp.  setarius 
(Lam  )  Mez 

Ox-eye 

Heliops  s  heliantholdes  (L.)  Sweet 

Ozark  grass 

Lirsnode.’  arkansana  (Mutt.)  L.  H.  Dewey 

Palafoxia 

Palafoxia  Reverchonli  (Bush)  Cory 

Palafoxla 

Palafoxia  rosea  (Bush)  Cory 

Pale  dock 

Rumex  aJ tissimus  Wood 

Pale-seeded  plantain 

Plantagc  vlrglnica  L. 

Panic  grass 

Panicum  anceps  Michx. 

Panic  grass 

Panlcum  brachyanthum  Steud. 

Panic  grass 

Panicum  dlchotomum  L. 

Panic  grass 

Panicum  illatatum  Poir. 

Panic  grass 

Panicum  geminatum  Michx. 

Panic  grass 

Panicum  blans  Ell. 

Panic  grass 

Panicum  ollgosanthes  Schult. 

Panic  grass 

Panicum  rigldulum  Nees 

Panic  grass 

Panicum  verrucosum  Muhl. 

Panic led  tickc lover 

Desmodium  panic ula turn  (L.)  DC. 

Partridge  pea 

Cassia  i asciculata  Michx. 

Partridge  pea 

Cassia  'asciculata  var.  roatrata 
(Wool.  &  Standi.)  B.  L.  Turner 

Paspalum 

Paspalum  acuminatum  Raddi 

Paspalum 

Paspalum  floridanum  Michx. 

Appendix  il-a.  Continued 
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Common  name 

Scientific  lame 

Paspalum 

Paspalum  fluitans  (Ell.)  Kunth 

Paspalum 

Paspalum  iaeve  Michx. 

Paspalum 

Paspalum  Lange  (Fcurn.)  Nash 

Paspalum 

Paspalum  praecox  Wait. 

Peanut  clover 

Trito ’  ,  vi::  lppM.anthuc.  T.  &  G. 

Pencil-flower 

Stviosantiies  .  ii  iora  (L.)  B.  S.  P. 

Peppergrass 

Lepidiurc  virginicua  L. 

Peppervine 

Arapelopsie  crborea  (L.)  iCoehne 

Persian  clover 

Irifolxu®  resupiaatum  L. 

Persicaria 

Persicaria  deT.e.i flora  (h  on.)  Moldenke 

I hacelia 

PhaceKa  hirsuta  i  . 

Phlox 

Phlox  pilosa  L. 

Pickerel-  weed 

Pontedoria  cordeta  r  . 

Pink  smar tweed 

Persicaria  bicornls  (Raf.)  Nituw. 

Pipewort 

Eriocaulon  decangulare  L. 

Picseed  gooaefoot 

Chenopodium  Berlandieri  Moq. 

Plains  wild  indigo 

Baptisia  leucophaea  Nutt. 

Poke  weed 

Phytolacca  americana  L. 

Polygala 

Polygala  cruciata  L. 

Polygala 

Polygala  ramosa  Ell. 

Pony-foot 

Dichondra  t aroxinensis  Michx. 

Power  puff 

Mimosa  strigilloia  T.  4  C. 

si*- :/ %*++■**•**■ 
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Comm  mm 

Pralrla  Agallnlt 
Prairie  clow 
Pralrla  cupgraaa 
Pralrla  ground  cheery 
Pr air la-par aley 
Pralrla  taa 
Pralrla  thraa  a— 
Pralrla  wdgeocale 
Prickly  lettuce 
Prickly  Milov 
Prickly  poppy 
Priaroae-vlllov 
Prloaopala 
Proacrata  lawllawt 
Pine Cura  vlna 
Purpla  aaaraatk 
Purple  cudweed 
Purple  Mtdov  —a 
Purpla  aaodgraaa 
Purpla  thraa  a— 
Purplatop 
Pure lane  apaadvall 


Scientific  n;iae 

Agalinla  hcterophylla  (Nutt.)  Snail 
Pataloateaua  candldun  (Hllld.)  Mlckx. 
Erlochloa  contracta  Hite be. 

Phyaalia  puaila  Mutt. 

Polytaania  Huttallil  DC. 

Croton  aonanthogynua  Mlcbx. 

Arlatlda  ollgantha  Mlcbx. 
tohenopholla  obtuaata  (Niche.)  Scrltm. 
Lactuca  aerriola  L. 

Ilda  anlnoaa  L. 

Argaaone  polyanthanoa  (Fadda)  6.  Ounbay 
Ludwig la  decurrena  Walt. 

Ptionopaia  dilate  (Nutt.)  Nutt. 
Calyptocarpua  vlalia  Laaa. 

Trlbulua  ter raa trie  L. 

SMranthua  cruantua  L. 

Onaphaliun  purpuraun  L. 

Thalictrun  Daaycarpua  Flsch.  4  All. 
Trlplaala  purpurea  (Walt.)  Chapa. 
Arlatlda  purpurea  Nutt. 

Trldena  flayua  (L.)  Hltchc. 

Veronica  paragrlna  L. 
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Common  name 

Scientific  name 

Rain-lily 

Cooperia  Drummondil  Herb. 

Rattle-box 

Ludwigia  alternifolia  L. 

Rattlesnake-weed 

Daucus  pusillus  Michx. 

Red  Lovegrass 

Eragrostis  oxylepis  (Torr.)  Torr. 

Red-seeded  plantain 

Plantago  rhodospenna  Dene. 

Red  sprangle  top 

Leptochloa  Filiformis  (Lam.)  Beauv. 

Red top  bentgrass 

Agrostis  stolon. f era  L. 

Reflexed  sedge 

Carex  retroflex  i  Michx. 

Rescue  grass 

Bronua  unioloid ?s  H.B.K. 

**  Rice  cutgrass 

Leersla  oryzoid  :s  (L.)  Sw. 

Rose  gentian 

Sabatia  campeei  in  Nutt. 

Rose  vervain 

Verbena  canadensis  (L.)  Britt. 

Rough  buttonveed 

Diodla  teres  Walt. 

Roundhead  rush 

Juncu8  validus  Cov. 

Roundleaf  scurfpea 

Fsoralea  rhomb i folia  T.  &  G. 

**  Royal  fern 

Osmunds  regalis  var.  spec tab  lis 
(Willd. )  Gray 

Rue 11 la 

Ruellia  caroliniensis  (Walt.)  Steud. 

Ruellia 

Ruellia  humilisvar.  longiflora 
(Gray)  Fern. 

Rush 

Juncus  nodatus  Cov. 

Rush-foil 

Crotonopsis  linearis  Michx. 

Ryegrass 

Lolium  perenne  L. 

t. . . .  - .  .  ‘  ■  V  . 
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Common  name 


Scientific  name 


Sacciolepis 

Salsify 

Sandhills  amaranth 
Sand  spikerush 
Sandwort 
Scaleseed 

Scarlet  pea 

Scarlet  pimpernel 

Scarlet  rose-mallow 

Scarlet  splderllng 

Scorpion  grass 

Scrambled  eggs 

Scratch-daisy 

Sedge 

Sedge 

Sedge 

Sedge 

Sedge 

Sedge 

Sedge 

Sedge 


Sacciolepis  striata  (L.)  Nash 

Tragopogon  porrifolius  L. 

Amaranthus  arenicola  I.  M.  Johnst. 

Eleocharis  montevidensis  Kunth. 

Arenarla  patula  Mlchx. 

Spermolepis  inermls  (DC.)  Math. 

&  Const. 

Indigofera  mlnlata  Ort. 

Anagallis  arvenais  L. 

Hibiscus  mllltarls  Cnv. 

Boerhaavia  cocclnea  Mill. 

Myosotls  macrosperma  Engelm. 
Corydalls  aurea  Wllld. 

Croptllon  dlvarlcatum  (Nutt.)  Raf. 
Carex  albolutescens  Schwein. 

Carex  amphlbola  Steud. 

Carex  blanda  Dew. 

Carex  crebrlflora  Hleg. 

Carex  cherokeensls  Schwein. 

Carex  Davlsll  Schwein.  &  Torr. 
Carex  lurlda  Wahl. 

Carex  renlformls  (Bailey)  Small 


^  hifcii  ii  '1  i  I.  iJfci 


I 


Appendix  Il-a.  Continued 

a  -  2  3 

Common  name 

Scientific  name 

Sensitive  Fern 

Onoclea  sensibilis  L. 

Sesbania 

Sesbania  macrocarpa  Muhl. 

Sessile-leaf  Tickclover 

Desmodium  sessilifolium  (Torr.) 

T.  &  G. 

Setaria 

Setaria  genicuiata  (Lam.)  Beauv. 

Shade  betony 

Stac’iys  crer  c j_  Far. 

Shade  mud-flower 

Micranthemum  vichiosum  (Walt.)  Blake 

Shepherd's  purse 

Capsella  Buvsa-Pastoris  (L.)  Medic. 

Shore  milkweed 

Ascleplas  perennls  tor  t . 

Short  ragweed 

Ambr.  si  ■  life!  . 

Shortstem  Iris 

Iris  t  ivio  /•»  R.-.f . 

Showy  Primrose 

Oenothera  a  peel  sa  Nut':. 

Sicklepod 

Cassia  obtucifolia  L. 

Sida 

Sida  rhombifolia  L. 

Side-oats  grama 

Bouteloua  curtipendula  (Michx.)  Torr. 

Silver  bluestem 

Bothriochloa  Saccharoldes  (Sw.)  Rydb. 

Sllverleaf  nightshade 

Solanum  elaeagni folium  Cav. 

Singletary  pea 

Lathyrus  hirsutas  L. 

Six-weeks  fescue 

Vulpia  octoflora  (Walt.)  Rydb. 

Skullcap 

Scutellaria  cardiophylla  Eng elm.  & 

Gray 

Slender  rush 

Juncus  teuui:  Vrlld. 

Slick-seed  bean 

Strophostyles  Jeiost  .-iai  ,  G.  > 

Piper 

■  . 
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Common  name 


Scientific  name 


Sllmleaf  scurtpea 
Slimlobe  celery 
Sllmlobe  poppy-mallow 

Slimpod  rush 

Small- flowero  I  vervain 

Small  Venus'  ooking  glass 

Smar tweed 

Smartweed 

Smar tweed 

Smartweed 

Smooth  but tom  eed 

Smooth  hydroli  a 

Smutgrass 

Snake-cotton 

Snake-cotton 

Snake-cotton 

Sneezeweed 

Sneezeweed 

Sneezeweed 

Snow-on- the-prn trie 

Snoutbean 


Psoralea  tenuif lora  Pursh 

Apium  leptophyllum  (Pers.)  F.  V.  Muell. 

Calllrhoe  involucrata  var.  liaearlloba 
(T.  &  G.)  Gray 

Juncus  difusslaus  Buckl . 

Verbena  biplnnatlfida  Nutt. 

Triodanls  blflora  (R.  &  P . )  Greene 

Persicarla  cocclnea  (Muhl . )  Green 

Perslcarla  hydropiperoidea  (Mlchx.) 
Small 

Perslcarla  lapathifolla  (L.)  Small 
Perslcarla  punctata  (Ell.)  Small 
Spermacoce  glabra  Mlchx. 

Hy dr olea  uniflora  Raf . 

Sporobolus  indicus  (L.)  R.  Br. 
Froellchia  Braunli  Standi. 

Froellch la  Drummondii  Moq . 

Froellchia  floridana  (Nutt.)  Moq. 
Helenlum  autumnale  L. 

Helenlum  mlcrocephalum  DC. 

Helenlum  quadridentatum  Labill. 
Euphorbia  bicolor  Engel m.  &  Gray 
Rhyncho8ia  latifolia  (Nutt.)  T.  &  G. 
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Common  name 

cientific  name 

Soft  ruah 

•uncus  effusus  var.  solutus  Fern.  & 
Wieg. 

Sorghum 

■orghum  bicolor  (L.)  Moench. 

Sourclover 

lelilotus  indicus  (L.)  All. 

Southern  blue-flag 

'ris  virg.inica  L. 

Southern  crabgrass 

>igitaria  adscendens  (H .  B.  K.)  Henr 

Southern  wildrice 

izaniopsis  or  1 -i.ee  ea  (Michx.)  Doell. 
&  Asch. 

Southernshif'.ld  fern 

rhelypteris  Kunthii  iDesv.)  Morton 

Sow  th Istle 

ionchus  aaper  (L.)  Hili 

Sow  thistle 

ioncuvis  oleraceus  L. 

Spanish  mos; 

Tillandsia  usneoides  (L.)  I. 

Spanish-needles 

lidens  bipinnata  L. 

Spiderwort 

Commelina  virstlnica  L. 

Splderwort 

T radescantia  hirsutiflora  Bush 

Spider  wort 

Tradescantia  ohioensis  Raf. 

Spiderwort 

Tradescantia  Reverchonii  Bush 

Spikerush 

Eleocharis  austrotexana  M.  C.  Johnst. 

Spikerush 

Eleocharis  macroatachya  Britt. 

Spikerush 

Eleocharis  tor tills  (Link.)  Schult. 

Spiny  pigweed 

Amaranthus  apinosus  L. 

Splitbeard  bluestem 

Andropogon  ternarius  Michx. 
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Common  name 

Scientific  name 

Spotted  beebalm 

Monarda  punctata  L 

Spotted  bur-clover 

Medicago  ai abica  (..)  Huds. 

Spreading  dayf lower 

Commelina  diffusa  iurm.  F. 

Spring  bentgrass 

Vgroatis  hyemalis  (Walt.)  B.  S.  P. 

**  Spring  ladies '  tresses 

ipiranthes  vernal! a  Engelm. 

&  Gray 

Spurge 

Euphorbia  dentata  4ichx. 

Spurge 

Euphorbia  maculata  L. 

Spurge 

Euphorbia  missurici  Raf. 

Spurge 

Euphorbia  ) rostrata  Ait. 

Spurge 

Euphorbia  serpens  H.  B.  K. 

Spurge 

Euphorbia  spathulata  Lam. 

Squares tem  spikeruah 

Eleocharis  quadrangulata  (Michx.)  R. 

Sticky  hedge-hyssop 

Gratiola  brevifolia  Raf. 

S  t inking- f leabane 

Pluchea  foetida  (1.)  DC. 

St.  John’s-vort 

Hypericum  mutilum  L. 

St.  John's-wort 

Hpericum  Walterl  Ctuel. 

Sugarcane  plumegrass 

Erianthus  giganteus  (Walt.) 

Muhl. 

Sunflower 

Helianthus  angusti folius  L. 

Sunflower 

Helianthus  debilis  Nutt. 

Sunflower 

Helianthus  grosse- serratus 

Martens 

Swampdock 

Rumex  vert  lc Hiatus  L. 

Sweet  goldenrod 

Solidago  odora  Ait . 
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Commoi  name 

Scientific  name 

Tall  1  ush  clover 

Lespedeza  Stuevei  Nutt. 

Tall  t  ropaeed 

Sporobolus  asper  (Michx.)  Kunti> 

Tallow  weed 

Plantago  Hooker iana  Fisch.  &  Mey. 

Texas  aster 

Aster  texanu3  Burgess 

Texas  bedstraw 

Galium  rexense  Gray 

Texas  nluebonnet 

Lupinus  texensis  Hook. 

Texas  i rog-frult 

Phyla  incisa  Small 

Texas  r.eranlum 

Geranium  texanum  (Trel.)  Heller 

Texas  r.ourd 

Cucurbits  texana  Gray 

Texas  j.rama 

Bouteloua  ri^ldiseta  (Steud.)  llitchc. 

Texas  r.roundsel 

Seaecio  ampullaceus  Hook 

Texas  millet 

Panicura  texanum  Buckl. 

Texas  paintbrush 

Castillela  indivisa  Engelm. 

Texas  pink-root 

Spigel la  texana  (T.  fcG.)  A.  DC. 

Texas  speargrass 

Stipa  leucotricha  Trin.  A  Rupr. 

Texas  thistle 

Cirsium  texanum  Buckl. 

Texas  toad-flax 

Linaria  texana  Scheele 

Texas  vervain 

Verbena  Halei  Small 

Texas  yellow-star 

Lindhelmera  texana  Gray  A  Engelm. 

Thin  paspalum 

Paspalum  setareum  Michx. 

Thoroughwort 

Eupatori  ^-i  perfoliatua  L. 

Thoroughwort 

Eupatorium  rotundif ollua  L. 

« 
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Common  name 

Scientific  name 

Three-awn  grass 

Aristlda  desmantha  Trm.  &  Rupr. 

Three-awn  grass 

Aristida  lanosa  Ell. 

Three-awn  grass 

Aristida  longespica  Poir. 

Three-seeded  Mercury 

Acalypha  grac liens  Gray 

Three-seeded  Mercury 

Acalypha  ostryaefolla  Rldd. 

Three-seedet  Mercury 

Acalypha  rhomboldea  Raf. 

Three-seedec  Mercury 

Acalypha  vlrginica  L. 

Tick-seed 

Coreopsis  basalis  (Otco.  &  Dietr.) 
Blake 

Tick-seed 

Coreopsis  nuecensis  Holler 

Tick-seed 

Coreopsis  tinctoria  Nutt. 

Toad-rush 

Juncus  bufonius  L. 

Toothcup 

Ammannia  coccinea  Rottb. 

Toothcup 

Rotala  ramosior  (L.)  Coehne 

Tomato 

Lycopersicon  esculent um  Mill. 

Trailing  ratany 

Kramoria  lanceolate  Torr. 

Trldens 

Trldens  strictus  (Nutt.)  Nash. 

Tropical  crabgrass 

DiRitaria  diversiflora  Swell. 

Tuckahoe 

Peltandra  virRinica  (L.)  Runth 

Tumble grass 

Schedonnardus  paniculatus  Nutt. 

Turnsole 

Heliotropium  tenellum  (Nutt.)  Torr. 

Two-eyed  berry 

Mitchella  repens  L. 
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Common  name 

Scientific  name 

Two-f lower  melic 

Mtlica  mutica  Walt. 

Umbre  la-grass 

Fuirena  simplex  Vahl 

Urabre  la-grass 

Fuirena  squarros a  Michx. 

Uruguay  water  primrose 

Ludwlgia  uruguayensis  (Camb.)  Hara 

Vahl  imbry 

Fimbi^stylis  VahLii.  )  Link 

Vase y  grass 

Faspalum  U^/illei  Steud. 

Velvet-leaf  gaura 

Gaura  parviflora  Hook. 

Venus '  looking  glass 

Triodanis  texana  HcVaugh 

Vetch 

Vida  eavenworthii  T.  e-  G. 

Vine  mesqulce 

PanJ.cu.*  obtuse  H.B.x. 

Violet  wood-sorrel 

Ox alls  violates  L. 

Virginia  bugle-weed 

Ly copus  virgin icus  L. 

Virginia  wild  rye 

Elymus  virgin! cus  L. 

Water  clover 

Mars ilea  mucronata  A.  Br. 

Water- feather 

Myriophyllum  brasiliense  Camb. 

Water-horehound 

Lycopus  rubellus  Moench. 

Water-hyssop 

Bacopa  Monnieri  (L.)  Wettst. 

Water-milfoil 

Myriophyllum  verticillatum  L. 

Water-pennywort 

Hydrocotyle  umbellata  L. 

1 

Water-pennywort 

Hydrocotyle  verticillata  Thunb. 

Water-primrose 

Ludwlgia  leptocarpa  (Nutt.)  Hara 

Wedgegraas 

Spheno’.u  lie  til! fot*x*  ) 

Hitcbr . 
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Common  name 

Sclentifi  name 

Wedgegrass 

Splenopho  is  intermedia  (Rydb.)  Rydb 

Wedgegrass 

Spl enophoJ is  longif lora  (Vasey) 
liitchc. 

Weedy  dandelion 

Krlgia  oppositifolia  Raf. 

Weeping  lovegrass 

Er;  grostit-  curvula  (Schrad.)  Nees 

Western  Jiorse-nottle 

Solanum  ddmidiatum  Raf. 

Western  ragweed 

Ambrosia  r silostachya  DC. 

White  avens 

Geum  canadense  Jacq. 

White  clover 

Tr:  folium  repens  L. 

White  grass 

Le<  rsia  vlrginica  Willd. 

White  root  rush 

Jut  cus  brachycarpus  Engelm. 

White  sheath  sedge 

Ca  ex  hyal ine  Boott 

White  sweet  clover 

Me  i lotus  aLbus  Lam. 

White  top  daisy 

Er  geron  strigosus  Willd. 

White  trldens 

Tr  dens  albescens  (Vasey)  Woot.  & 
Stand. ) 

White  vervain 

Ve  bena  urticifolia  L. 

Wild  buckwheat 

Er  ogonum  longif olium  Nutt. 

Wild  buckwheat 

Er  ogonum  multiflorum  Benth. 

Wild  four  o'clock 

Miiabilis  nyctaginea  (Mlchx.)  MacM. 

Wild  indigo 

Bat  tisia  Nuttalliana  Small 

Wild  onion 

Al  l Lum  can  idense  L. 

Rm  Llia  Corzoi  Tharp  &  Barkl. 


Wild  petunia 
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Common  name 

Scientific  name 

Wild  petunia 

Rueliia  peauaculata  ;  >rr. 

Wild  petunia 

Ruellia  strepens  L.  var.  strepens 

Wild  potato 

Ipomoea  pandurata  (L.)  Hey. 

Windmill  fingergrass 

Chloris  verticillata  Nutt. 

Wingseed 

Carex  a i at a  Tori  . 

Witchzrass 

Panic t;m  capillar*  L 

Winter  vetch 

Vicia  disycarijo  u..i. 

Woods  cornsalad 

Valeri aneixa  Woodsinna  (.T.  4  G.) 

Walt  - 

Wood- sorrel 

Oxa.  ;.i  T- :  \  Jacq. 

Woolly  croton 

oichx 

Woolly  rose- mallow 

Hibiscus  laolocn  .  a  Cat. 

Woolly  whit; 

Hyn.*  r.o pappus  a.  sinefoliu-:  YC 

Wormaeed 

Coenopocium  amb>  osioiaes  L. 

Yellow  cow-lily 

Nuphar  luteum  aubsp.  macrophyllum 
(Small)  E.  0.  Beal 

Yellow  Cress 

Rorippa  sessilifora  (Nutt.)  Hitchc. 

Yellow  Dock 

Rumex  crispus  L. 

Yellow-eyed  grass 

Xyris  Iridlfolia  Chapin. 

Yellow-eyed  grass 

Xyris  Jupicai  Rich. 

Yellow  Nut  grass 

Cyperus  esculent  us  L. 

Yellow-purr 

Neptunia  lutes  (LeavenW.)  Benth. 

Yellow-spine  Thistle 

Cit.vtur  oci<rocc',trum  Cray 
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Common  name 

Scientific  name 

Yellow  Sweet  Clover 

Melilotus  officinalis  (L.)  Lam. 

Appendix  Il-b.  Partial  checklist  >  f  shrub,  tree,  and  woody  vine  species 
within  the  Trinity  River  Basil  including  annotatio  i  of  rare  and  en¬ 
dangered  species  according  to  the  Rare  Plant  Study  Center  (1973) 
(indicated  by  *)  and  the  Texas  Organization  for  Endangered  Species 
(1973)  (indicated  by  **) . 

Common  name 

Scientific  name 

American  basswood 

Tilia  am;::lcana  L. 

American  beautyberry 

Callicarpu  americana  L. 

American  elder 

Samouca-.  ....  ...-.i  ■  i  . 

American  elm 

Ulmus  anericana  L. 

American  holly 

Ilex  epaca  Ait . 

American  hop-hornbeam 

Ostry,  Virginians  (Mil 1 . >  K.  Koch 

American  star jasmine 

Tra-zieioi.perrnjm  difforme  (Walt.)  Gray 

Amorpha 

Amorpha  paniculata  T.  &  G 

Bald  cypress 

Taxouium  distichum  (L.)  Rich. 

Bastard  Indigo 

Amorpha  fruticosa  L. 

Bastard  oak 

Quercus  sinuata  Walt. 

Beech 

Fagus  grandifolia  Elrh . 

Bitter  orange 

Citrus  trifoliata  L. 

Bltternut  hickory 

Carya  cordlfotmis  (Wang.)  K.  Koch 

Black  cherry 

Prunus  serotira  Ehrh. 

Black  gum 

Nyssa  sylvatica  March. 

Black  hickory 

Carya  taxana  luckl. 

Robirtls  f.aeudc -acacia  L. 


Black  locust 
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Common  name 


Scientific  name 


**  Bla<  k  oak 
Black  walnut 
Black  willow 
Blackjack  oak 
Blue  beech 
Bottomland  post  oak 
Box  elder 
Bra/.os  hawthorne 
Bristly  green-brier 
Buckthorn 
But  falo-geurd 
**  Bur  oak 

Burning  bush 
Bush  palmetto 
Carolina  ash 
Carolina  basswood 
Catelpa 
Cat-brier 
Cedar  elm 
Chaste  lamb-tree 
Chet: t nut  oak 
Chickasaw  plum 


Qucrcus  velutina  Lam. 

Juglans  nigra  L. 

Salix  nigra  Marsh. 

Quercus  mar  Hand  lea  Muenchh. 

Car jilnus  caroliniana  L, 

Quo  reus  similis  Ashe 
Acer  Negundo  L. 

Cra  taegus  brazoria  Sarg. 

Sml Lax  hisplda  Muhl. 

Rhamnus  lanceolate  Pursh 
Cue urbita  foetidlsslma  H.  B.  K. 
Que r cus  macrocarpa  Michx. 
Euonymus  atropurpureus  Jacq. 

Sab  il  minor  (Jacq.)  Pers. 
Fraxinus  caroliniana  Mill. 

Til  La  caroliniana  Mill. 

Cat  ilpa  speciosa  Warder 
Smi Lax  bona-nox  L. 

Ulmus  crasslfolia  Nutt. 

Vitcx  agnus-castus  L. 

Quercus  Ptinus  L. 

Prunus  angustifolia  Marsh. 


r 
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Common  name 

Scientific  name 

Chinaberry 

Mella  azedarach  L. 

Chinese  tallow  tree 

Sapium  sebiferum  (L.)  Roxb. 

Cockspur  hawthorn 

Crataegus  crus-galli  L. 

Common  buttonbush 

Cephalanthus  occidentalis  L. 

Common  green-brier 

Smilax  .  ocundifoiia  L. 

Coral-berry 

Symphoricarpos  orbiculatus  Mcench. 

Cow-itch 

Cisaos  incisa  (Nutt.)  Des  Moul. 

Deciduous  holly 

Ilex  decidua  Walt. 

Dewberry-blackberry 

Rubus  aborininum  Rydb. 

Dewberry-blackberry 

Rubus  apogaeus  Bailey 

Dewberry-blackberry 

Rubus  saepescandens  Bailey 

Devil ' 8-walking-stick 

Ar alia  spiaosa  L. 

Dogwood 

Cornus  racemosa  Lam. 

Downy  hawthorn 

Crataegus  mollis  Scheele 

Drooping  mel onette 

Melothria  pendula  L. 

Drummond  wax-mallow 

Malvaviscus  arboreus  var.  Drumaondii 
(T.  &  G.)  Schery 

Eardrop  vine 

Brunnichla  ovata  (Walt.)  Shinners 

Eastern  cottonwood 

Fopulus  deltoides  Marsh. 

Eastern  red  cedar 

Juniperus  virginiana  L. 

Eve's  necklace 

Sophora  affinis  T.  &  G. 

Farkleberry 

Vaccinium  arboreum  Karsh. 

Florida  basswood 

Tilia  floridana  Sural  1 
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Common  name 


Scientific  name 


Flowering  dogwood 
Forestiera 
Fragrant  sumac 
Fringe-tree 
Frost  grape 
Giant  cane 
Green  ash 
Green  hawthorn 
Gum  bumelia 
Hawthorn 
Hearileaf 
Hersules-club 
Honey  locust 
Honoy  mcsquite 
Indian  cherry 
Japanese  honeysuckle 
Laurel  oak 
Loblolly  pine 
Maypop  passionflower 
Mexican  plum 
Milkvine 


Cornus  f  lorida  L. 

Forestiera  llgnstrin .1  (Michx.)  Poir. 
Rhus  aroma tica  Ait. 

Chionanthua  virginica  L. 

Vitls  riparia  Michx. 

Arund inaria  gigantea  (Walt.)  Muhl. 
Fraxinus  pensylvanica  Marsh. 
Crataegus  viridis  L. 

Bumelia  languinosa  (Michx.)  Pers. 
Crataegus  glabriuscul a  Sarg. 
Ampelopsis  con  lata  Michx. 

Zanthoxylum  cl.  va-herculis  L. 
Gledltsla  tria<  anthos  L. 

Prosopis  glandulosa  Torr. 

Rhamnus  c arolli  iana  Walt. 

Lonicera  1 aponi ca  Thunb. 

Quercus  : aurifolia  Michx. 

Pinus  taeda  L. 

Passif lora  incamata  L. 

Prunus  mexicana  Wats . 

Mate  lea  gonocarpa  (W.-lt.)  Shinners 
Phoradendron  tomento?  um  (DC.)  Gray 


Mistletoe 
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Common  name 

Scientific  name 

Mockernut  hickory 

Carya  tomentosa  Nutt. 

Mock-orange 

Styrax  am<-ricana  Lam. 

Muscadine  grape 

Vitis  rotundifolia  Michx. 

Mustang  grape 

Vitis  mustangensis  Buckl. 

Net. leaf  hackberry 

Celtis  reticulata  Torr. 

O' possum-wood 

Halesia  Carolina  L. 

Osage  orange 

Maclura  pomifera  (Raf.)  Schneid. 

Overcup  oak 

Quercus  lyrata  Walt. 

Parsley  hawthorn 

Crataegus  Marshall!!  Eggl. 

Pasture  haw 

Crataegus  spathulata  Michx. 

**  l'awpaw 

Asimlna  triloba  (L.)  Dun. 

Peach 

Prunus  perslca  (L.)  Batsch 

Pecan 

Carya  lllinoinensis  (Wang.)  K.  Koch 

Pepper  vine 

Ampelopsis  arbor ea  (L.)  Koehne 

Persimmon 

Diospyros  virginiana  L. 

Pigeon-berry 

Rivina  humilis  L. 

Poison  ivy 

Rhus  toxicodendron  L. 

Possum-haw 

Viburnum  nudum  L. 

Post  oak 

Quercus  stellata  Wang. 

Post  oak  grape 

Vitis  lincecumii  Buckl. 

Prairie  rose 

Rosa  setigera  Michx. 

Privet 
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Common  name 

Scientific  name 

Rattan  vine 

Berchemla  scandens  (Hill)  K.  Koch 

Rattlebush 

Sesbania  Drummondil  (Rydb.)  Cory 

Red  bay 

Fersea  borbonla  (L.)  Spreng. 

Red  grape 

Vitis  palmata  Vahl 

Red  maple 

Acer  rubrum  L. 

Red  mulberry 

Morus  rubra  L. 

Red-berried  moonseed 

Cocculus  carolinus  (L.)  DC. 

Redbud 

Cercis  canadensis  L. 

Redroot 

Ceanothus  herbaceus  Raf. 

Retama 

Farkinsonla  aculeata  L. 

River  birch 

Betula  nigra  L. 

Rooaevelt  weed 

Baccharis  neglecta  Britt. 

**  Roughleaf  dogwood 

Cornus  Drummondil  C.  A.  Mey. 

Saltcedar 

Tamarix  gallica  L. 

Sand jack  oak 

Quercus  incana  Vartr. 

Sassafras 

Sassafras  albidum  (Nutt.)  Nees 

Sea-myrtle 

Baccharis  hallmlfolia  L. 

Shagbark  hickory 

Carya  ovata  (Mill.)  K.  Koch 

Shining  sumac 

Rhus  copallina  L. 

Shortleaf  pine 

Pinus  echinata  Mill. 

Shumard  red  oak 

Quercus  Shumardii  Buckl. 

Skunk-bush 

Ptelea  trifoliata  L. 

A 


Common  name 


Scientific  name 


F  ,  _ 

Slippery  elm 
Smooth  aider 
Smooth  sumac 
Snowdrop- tree 
Soap  berry 
Southern  arrow-wood 
Southern  blackhaw 
Southern  dewberry 
Southern  magnolia 
Southern  red  oak 
St.  Andrew's  Cross 
St.  Peter' s-wort 
Strawberry-bush 
Sugar  maple 
Summer  grape 
Swamp  privet 
Sweet  grape 
Sweat gum 
Sweet-leaf 
Sycamore 
Tassel-white 
Texas  nightshade 


Ulmus  rubra  Muhl. 

Alnus  serrulata  (Ait.)  WilLd. 

Rhus  glabra  L. 

Halesia  diptera  Ellis 
Sapinaus  Saponaria  I. . 

Viburnum  dentatum  l.. 

Viburnum  ruf idnlam  Raf . 

Rubus  trivialis  Michx. 

Magnolia  grandif lora  i. 

Quercus  falcata  Michx. 

Ascyrum  hyper icoidci.  L. 

Ascyrum  stans  Michx. 

Euonymus  americanus  L. 

Acer  saccharum  Marsh. 

Vitis  aestivalis  Michx. 

Forestiera  acuminata  (Michx.)  Poir. 
Vitis  cinerea  Eng elm. 

Liquidambar  Styracif lua  L. 

Symplocus  tinctoria  (L.)  L'Her. 
Platanus  occidentalis  L. 

I  tea  viry  li.ica  L. 

So lanum  triquetrum  Cav. 
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Common  name 

Scientific  name 

Texas  red  oak 

Quercus  texana  Buckl. 

Texas  sugarberry 

Celtis  laevigata  Willd. 

Trumpet  honeysuckle 

Campsis  radicans  (L.)  Seem. 

Tupelo 

Nyssa  aquatica  L. 

Virginia  creeper 

Parthenocissus  quinquefolia  (L.) 
Planch. 

Water  elm 

Planera  aquatica  (Walt.)  J.  F.  Gmel. 

Water  hickory 

Carya  aquatica  (Mlchx.  f.)  Nutt. 

Water  locust 

Gleditsia  aquatica  Marsh. 

Water  oak 

Quercus  nigra  L. 

Wax-leaf  ligustrum 

Ligustrum  Quihoui  Carr. 

Wax  myrtle 

Myrica  cerifera  L. 

White  ash 

Fraxinus  americana  L. 

White  mulberry 

Morus  alba  L. 

White  oak 

Quercus  alba  Michx. 

Willow  oak 

Quercus  Phellos  L. 

Winged  elm 

Ulmus  alata  Michx. 

Winter  grape 

Vitis  vulpina  L. 

Woolly  dutchman's  pipe 

Aristolochia  tomentosa  Sims 

Yaupon 

Ilex  vomitoria  Ait. 

Yellow  passionflower 

Passiflora  lutea  L. 
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INTRODUCTION 


The  purpose  ot  this  investigation  has  been  to  conduct 
enviionaental  studies  of  the  Trinity  River  Basin,  expanding 
and  quantifying  certain  baseline  inforaation  revealed  by 
previous  literature  and  field  surveys.  Ten  pereanent 
general  study  areas  (transects)  were  established  along  the 
Trinity  River  between  Port  Hbrth  and  Hallisville  Reservoir 
and  are  described  elsewhere  in  this  report.  The  specific 
objectives  of  this  phase  of  the  study  included: 

1.  An  investigation  of  water  quality 
conditions  at  the  10  study  sites. 

2.  An  investigation  of  the  phytoplankton 
productivity  and  diversity:  the  periphyton 
coanunity  composition  and  diversity. 

3.  An  investigation  of  the  total  and  fecal 
colifora,  and  fecal  streptococcus  bacteria 
counts  and  ratios. 

4.  Studies  of  the  benthic  nacroinvertebrates 
including  species  coaposition,  seasonal 
fluctuations  and  species  diversity. 

5.  An  investigation  of  the  zooplankton 
coanunity  coaposition  and  diversity. 

6.  An  investigation  of  the  pesticide 
concentrations  in  the  sedinents  and  ground 
water. 

7.  An  investigation  of  the  particulate, 
dissolved  and  total  organic  carbon 
concentrations  in  the  Trinity  River. 


GENBRAL  METHODS  AND  PROCEDURES 

£M§i2Al_A44_Cjieiical_Me£]i24s 

Surface  oxygen  in  parts  per  aillion,  and  tesperature 
in  degrees  centigrade  were  aeasured  in  the  field  using  a 
Yellow  Springs  Model  54  oxygen  and  teeperature  neter. 

Transparency  was  deternined  in  the  field  using  the 
Secchi  Disc  aethod  reported  in  Reich  (1948) ,  and  is 
reported  in  feet. 


sui face  water  samples  were  collected  in  disposable 
polyethylene  containers,  and  were  brought  back  to  the 
laboratory  for  further  analysis.  Water  samples  were  stored 
at  4°c  fro*  the  tine  of  collection  until  analysis,  at  which 
tine  the  samples  were  allowed  to  war*  to  roo*  temperature, 
samples  were  generally  analyzed  chesically  within  6  hours 
atter  they  were  collected. 

Tuihidity  was  determined  using  a  Hach  Model  21001 
Tu rbidimeter ,  and  was  reported  in  Jackson  Turbidity  Units 
(JTU) .  True  color  was  determined  through  centrifugation  of 
th>  water  samples  for  five  minutes  to  remove  suspended 
material,  and  subsequent  measurement  was  *ade  on  a 
colorimeter.  True  color  was  reported  in  color  units  (CD). 
Conductivity  was  made  on  a  Lab-i.ine  Lectro-mho  Heter  Model 
MC-1,  hark  IV  and  values  are  reported  as  micro-mhos  at 
25*c.  Doth  pH  and  eH  were  measured  on  a  Coleman  Model  IV  pH 
Meter,  and  values  reported  as  pH  units  and  millivolts 
respecti vely. 

chloride,  as  sodium  chloride  was  determined  f>r  water 
samples  from  collecting  stations  using  the  Mercuric  Hitrate 
Method  as  described  in  Standard  Methods  (1971). 

Nitrate,  nitrite,  amnonia,  orthophosphate  and  sulfate 
wee  e  determined  by  colorimetric  methods.  Samples  of 
unusually  high  turbidity  were  filtered  prior  to  analysis  to 
reluce  chemical  and  photometric  interference. 

Orthophosphate  was  determined  by  the  amino-napthol- 
sultonic  acid  method,  nitrate  nitrogen  was  determined  by 
tha  disazotization  method,  and  ammonia  nitrogen  by  the 
Nessler  Method  (Standard  Methods,  1971),  Sulfate 
concentrations  in  water  samples  were  determined 
colorimetrically  using  the  Turbidimetr ic  Method  outlined  in 
Stindard  Methods  (1971).  Colorimetric  determinations  were 
done  using  a  Bausch  and  Lonb  spectrophotometer  Model  70, 
an  1  a  Hach  Colorimeter  Model  DR9198B. 

Five  day  biochemical  oxygen  demand  (BOD  )  was 
determined  according  to  the  methods  set  forth  in  Standard 
Methods  (1971).  Samples  were  normally  diluted  1:3,  and  were 
incubated  in  the  dark  at  20  degrees  centrigrade  in  a  Lab- 
Line  Incubator  Model  844.  Oxygen  was  measured  before  and 
after  the  five  day  incubation  using  Tellow  Springs  Oxygen 
Meter,  Model  54  and  a  B.O.D.  Probe,  Model  54201.  The 
dilution  factor  was  applied  to  the  resultant  oxygen  change. 
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and  the  biochemical  oxygen  demand  mas  reported  in  parts  per 
million  of  oxygen  per  five  days. 

Sediment  Oxygen  Demand  (SOD)  was  determined  on  bottom 
samples  collected  in  the  field,  using  a  0.75  inch  diameter 
plastic  core  sampler.  Samples  were  then  homogenized  and 
diluted  in  the  laboratory.  B.O.D.  Bottles,  filled  with 
dilution  water,  were  injected  with  one  milliliter  of  the 
diluted  sediment,  and  were  incubated  in  the  dark  for  15 
days  at  20  degrees  centrigrade  with  daily  resuspension  of 
solid  material.  Oxygen  was  measured  as  for  B.O.D.  The 
organic  content  of  the  diluted  sample  was  simultaneously 
determined  through  ash- f ree-dry-weight  analysis  of  samples 
of  equal  volume.  The  sediment  oxygen  demand  is  reported  as 
parts  per  million  oxygen  per  kilogram  sediment  per  minute. 

River  discharge  data  for  each  station  are  reported  in 
cubic  feet  per  second  and  data  were  obtained  from  the 
United  States  Geological  Survey  in  Austin,  Texas. 

Pesticide  Methods 

Collection 

Samples  were  collected  from  eight  stations  located  ir- 
the  Trinity  River.  Each  station's  location  is  described 
below : 

Rosser  Station ;  at  bridge  on  State  Highway  34 
near  Rosser,  Texas,  river  mile  454  (station 
«3)  . 

Highway _ 85 _ Station:  At  bridge  on  State 

Highway  ~85  near-Kerp,  Texas,  river  aile  430. 

Trinidad  Station:  at  bridge  on  State  Highway 
3?  near  Trin.dad,  Texas,  river  aile  395 
(Station  #4)  . 

Cayuga  Station:  at  bridge  on  li.S.  Highway  287 
near  Cayuga,  Texas,  river  mile  370  (Station 
15)  . 

^airfield  Station:  at  bridge  on  U.S.  Highway 
79  near  Elkhart,  Texas,  river  aile  308 
(Station  16)  . 

Highway  7  Station;  at  bridge  on  State  Highway 
7  near  Crockett,  Texas,  river  aile  266 
(Station  #7) . 


Highway.  21 _ Station :  at  bridge  on  State 

Highway  21  near  iladisonville,  Texas,  river 
nile  231. 

Wallisvi^le  Station;  at  budge  on  interstate 
To  near  Walllsville,  Texas,  river  nile  10 
(Station  #10) . 


An  attenpt  was  Bade  to  collect  sedinents  »onthly  fro* 
each  station  from  January  1972  to  January  1973;  however, 
only  one  saaple  was  collected  from  Stations  4  and  10.  In 
addition,  water  samples  were  collected  froa  three  deep 
wells  near  Rosser,  Texas  to  determine  if  there  was  any 
significant  pesticide  pollution  of  ground  water  in  this 
portion  of  the  river  basin.  Location  of  3  wells  are  on  the 
Rosser  Quadrangle,  Texas,  7.5  ainute  series  (Topographic) 
scale  1:2400,  nap  supplied  by  the  United  States  Department 
of  the  Interior  Geological  Survey.  Hell  #1,  grid 
coordinates  398*969  (Barked  201  by  U.S.  Any  Engineers). 
Hell  #2,  grid  coordinates  372-955  (Barked  105  by  O.S.  Ar»y 
Engineers).  Hell  #3,  grid  coordinates  373-949  (narked  102 
by  U.S.  Arny  Engineers) .  Hater  samples  were  collected  fron 
wells  with  a  Keaaerer  sampler  lined  with  Teflon. 

The  samples  were  collected  in  Hexane-acetone  cleansed 
pint  aason  jars,  by  scooping  up  top  sediment  at  the  river's 
edge  with  a  large  stainless  steel  slotted  spoon.  The  aason 
jars  were  filled  2/3  to  3/4  full  with  sedinent  and  covered 
with  aluninun  foil  and  capped.  At  no  tiae  did  collection 
extend  further  than  fifty  yar  is  either  side  of  the  bridge 
crossing.  When  possible,  sever  »1  spots  were  sampled  in 
order  to  achieve  a  more  representative  collection.  Samples 
were  kept  on  ice  in  an  ice  chest  or  placed  in  a  closed 
cardboard  box  and  transported  back  for  analysis.  The 
collected  sedinents  were  frozen  at  -12  degrees  centigrade 
within  twelve  hours  after  collection. 

Analysis  of  the  earlier  samples  collected  in  the  first 
months  of  the  year  were  postponed  due  to  delays  in 
receiving  the  supplies  needed  for  their  analysis.  For  t ais 
reason  aany  of  the  saaples  were  kept  frozen  as  long  as 
eight  aonths.  Saaples  ware  illowed  to  thaw  in  a 
refrigerator  at  7.5  degrees  centigrade  prior  to  analysis. 
The  saaples  were  then  resowed  Eros  the  refrigerator  and 
stirred  to  achieve  homogeneity. 
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Extraction 

One  hundred  and  fifty  grans  of  undried  sedinent  were 
weighed  and  placed  in  a  five  hundred  ailliliter  glass 
stoppered  erlenmeyer  flask.  A  three  hundred  ailliliter 
mixture  of  4:1  hexane  isopropanol  was  poured  into  the  flask 
along  with  one  hundred  grans  of  anhydrous  sodiun  sulfate. 
The  sanple  was  then  extracted  using  a  wrist-action  shaker 
for  a  period  of  four  hoars. 

The  extract  was  then  filtered  into  a  five  hundred 
ailliliter  separatory  flask  equipped  with  a  Teflon 
stopcock.  Cne  hundred  nilli liters  of  deionized  water  was 
then  added  to  the  extract  and  shaken  for  two  ninutes.  The 
aixture  was  allowed  to  separate  and  the  aqueous  layer  drawn 
off  and  discarded.  This  was  repeated  three  tiaea  to  reaove 
the  alcohol  fron  the  extract. 

Clean-up  of  the  sample  was  done  by  allowing  the 
extract  to  pass  through  a  colunn  (one  ca  i.d.)  Hade  of  a 
silinized  glass  woolplug.  six  graas  of  hexane-rinsed 
activated  Plorisil  and  two  grans  of  hexane-rinsed  anhydrous 
sodiun  sulfate,  in  that  order.  The  extract  was  then  allowed 
to  pass  through  the  colunn  at  a  rate  of  about  two 
nilliliters  per  ninute.  After  neasuring  the  voluaa  of  the 
eluant.  the  colunn  was  rinsed  with  an  additional  fifty 
nilliliters  of  hexane. 

The  eluant  and  rinsings  were  transferred  into  a  three- 
neck  distilling  flask.  Into  one  neck  was  placed  a  coluan 
containing  activated  silica  gel.  The  aiddle  was  glass 
stoppered  and  the  third  contained  a  vacuna  connecting  tube. 
The  sanple  was  concentrated  by  pulling  a  strean  of  dry  air 
over  the  solution  at  a  reduced  pressure. 

The  voluae  of  the  concentrate  was  determined  and  then 
transferred  into  a  twenty-five  ailliliter  vial  with  a 
Teflon  lined  screwcap.  The  concentrate,  which  had  been 
adjusted  to  twenty  nilliliters.  was  stored  at  7.5  degrees 
centigrade  in  the  dark  until  analysis  could  be  sade. 

Care  was  taken  to  avoid  introducing  substances  that 
would  interfere  with  the  pesticide  analysis.  This  was 
accoaplished  by  running  extensive  controls  before  beginning 
analysis.  Cheaicals  were  kept  in  five  gallon  drums  So  that 
assumptions  to  its  quality  could  be  nade.  Fifty  percent  of 
the  samples  were  run  using  analyzed  reagent  grade  solvent, 
and  the  other  saaples  were  run  using  pesticide  grade 
solvent.  After  the  initial  controls,  a  control  was  run 
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every  tenth  extraction.  The  Florisil  and  sodium  sulfate 
were  heated  to  550  degrees  centigrade  for  two  hours  and 
then  dessicated  until  use. 

Percent  dry  weight  was  determined  by  transferring 
100.0  grass  of  the  wet  sediment  to  a  porcelain  crucible  and 
placing  it  in  a  drying  oven  at  105  degrees  centigrade  for 
six  hours.  The  sample  was  allowed  to  cool  in  a  dessicator 
and  weighed.  A  two  to  ten  gras  portion  of  the  dried 
sediaent  was  weighed  on  an  analytical  balance  and  then 
placed  in  a  nuffle  furnace  at  550  degrees  centigrade  for 
four  hours  to  determine  the  percent  organics,  by  loss  on 
ignition.  A  fifty  graa  portion  of  the  dried  sediaent  was 
used  to  determine  percent  sand,  silt  and  clay  by  the 
Bouyoucos  Hydrometer  Method  (Bouyoucos,  1962).  This 
technique  utilizes  the  differential  settling  rate  of  the 
soil  particles  according  to  particle  size.  Dispersed  sand 
(between  2.00  -  0.05  aa) ,  silt  (between  0.05  -  0.0002  aa) 
and  city  (less  than  0.0002  aa)  ''left  in  suspension  is 
measured  using  a  Bouyoucs  Hydrometer  which  has  been 
corrected  for  the  suspension's  temperature. 

Sulfur  was  found  to  be  present  in  a  large  percentage 
of  the  sanples  extracted.  sulfur  interferes  with 
Heptachlor ,  Aldrin,  Lindane  and  Chlordaoe  and  nust  be 
reaoved  before  analysis  can  be  attempted.  Schutzaann, 
Woodham  and  Collier  (1971)  describe  a  method  for  removing 
up  to  50  ppn  elemental  sulfur  by  refluxing  with  a  copper- 
aluminum  alloy.  Although  this  method  is  efficient,  supplies 
for  the  extraction  could  not  be  received  in  tine  for 
completion  of  analysis.  Goerlitz  and  Law  (1971)  propose  a 
technique  used  in  this  study  in  which  metallic  mercury  is 
introduced  to  the  extract  to  precipitate  out  the  sulfur. 
Removal  of  a  large  percentage  of  the  elemental  sulfur  was 
found  within  ten  minutes,  and  analysis  in  most  cases  could 
proceed.  In  several  cases  all  sulfur  could  not  be  reuoved, 
and  the  co-extractive  interferences  remained  present. 

Percent  recovery  was  determined  by  extracting  the  same 
sediaent  repeatedly  until  no  pesticide  could  be  detected. 
Recovery  on  first  extraction  ranged  froa  eighty-two  to 
ninty-seven  percent.  The  percentage  of  mud  extracted  was 
deterained  by  assuming  that  the  fraction  of  hexane 
recovered  represented  the  proportion  of  actual  aud 
extracted.  The  sediment's  weight  was  then  adjusted  to  its 
actual  dry  weight  by  using  the  percent  dry  weight 
previously  deterained.  The  concentrations  reported  in 
aicrograas  pesticides  per  kilogram  dry  sediaent  weight  ware 
not  corrected  for  percent  pesticide  recovered.  Confirmation 
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ti.is  nude  using  a  second  coluan  containing  2.5U  DC-200  and 
2  5%  OF-1  liquid  phase.  Further  confirmation  of  residues' 
identity  was  not  nude  due  to  a  lack  of  tine  and  facilities. 

Deter nin at  ion  of  Residues 

Deteraination  of  the  cleaned  extract  was  accoaplished 
u  ;inq  a  Varian-Aeroqraph  2t00  gas  chronatograph  equipped 
with  a  Nickel  6  3  electron  capture  detector.  The  gla.cs 
column  (1/4  inch  o.d.  By  6  feet)  was  packed  with  5*  QP-  1 
liquid  phase  on  80-100  nesh  Chroaosorb  W.  Nitrogen  flow 
rite  was  60  al  per  ainute.  Injection  teaperature  at  200 
degrees  centigrade,  and  detector  teaperature  injection 
volume  ranged  between  0.6  aicroliters  to  4.0  aicroliters. 
No  pesticidal  quantities  are  reported  for  organic  chlorine 
conpounds  less  than  0.2  aicrograas  per  kilograa,  except  for 
chlordane  whose  lower  detectable  Units  are  set  for  1.0 
aicrograas  per  kiloqran. 

Dissolved  and  Particulate  Organic  Carbon  Analytical  Methods 

Hater  samples  were  collected  froa  each  station 
monthly.  Saaples  were  collected  at  the  surface  in  30  al 
glass  vials  and  within  six  hours,  the  saaples  were  stored 
in  a  deep  freeze  until  they  were  analyzed. 

Oceanography  International  Total  Carbon  systea  Model 
0 524 A  was  used  to  analyze  water  saaples  for  total  carbon 
(organic  carbon  plus  carbon  in  carbonates)  and  inorganic 
carbon  (i.e. ,  carbonate). 

Frozen  water  saaples  prior  to  filtering  were  allowed 
to  thaw  at  room  temperature.  Each  water  saaple  was  filtered 
through  a  pre-coabusted  Gelaan  Type  A  glass  fiber  filter 
for  the  partitioning  of  POC  and  DOC.  Aliquots  of  tne 
filtrate  were  analyzed  for  DOC,  and  for  POC.  The  DOC  and 
POC  were  deterained  by  aodif ic at ions  of  the  aethod 
developed  by  Henzel  and  Vaccaro  (1964) ,  Fredericks  and 
Sackett  (1970),  and  Brooks  (1970).  A  step  by  step 
description  of  this  aethod  is  listed  below: 

(1)  Thirty  al  water  saaples  were  frozen  in 
glass  vials  until  tiae  peraitted  filtering 
and  sealing. 

(2)  Ten  al  glass  aapules  (Owens-Illinois) 
were  prepared  for  use  by  being  tapped  upside 
down  on  a  clean  surface  (to  reaove  any 
particles  of  foreign  aaterial)  and  the  top  of 


10U 


the  neck  of  the  ampule  wrapped  with  a  piece 
ol  liqhtwoight  (one  inch  square)  aLuminua 
toil  twisted  to  for*  a  covet  for  the  ampule. 
Ampules  were  pre- combusted  at  550°C  tor  four 
hours. 

(3)  Gelman  Type  A  (0.3  micron)  glass  fiber 
filters  (2*3  mo  diameter)  were  pre-combusted 
at  400°C  tor  four  hours.  Filters  were  handled 
only  with  clean  forceps. 

(4)  Frozen  water  samples  were  allowed  to  thaw 
at  room  temperature  prior  to  filtering  and 
sealinq. 

(5)  Four  pre-combusted  glass  ampules  were 
required  for  each  water  sample;  qiving 
replicate  analysis  for  DOC  and  POC.  To  each 
ampule  0.2  grams  of  potassium  persulfate  and 
0.25  ml  of  6*  phosphoric  acid  solution  were 
added  prior  to  addition  of  the  sample. 

(6)  Before  filtering,  samples  were  briskly 
shaken  and  aliquots  removed  by  syringe. 

(7)  Three  ml  aliquots  of  water  sample  were 
taken  into  two  syringes  through  millipore 
lock-on  syringe  filter  holders  containing 
pre-combusted  Gelman  glass  fiber  filters. 

(H)  The  two  filters  (each  containing  3  ml  POC 
from  the  3  ml  aliquots)  were  air  dried  with  a 
water  aspirator  and  inserted  in  ampules. 
Distilled  water  (5  ml)  was  then  added  to  each 
POC  vial. 

(9)  two  ml  aliquots  of  filtrate  were  then 
added  from  the  syringe  to  the  two  ampules  for 
DOC  analysis. 

(10)  Filled  ampules  were  purged  of  inorganic 
carbon  constituents  for  four  to  six  minutes 
with  purified  oxygen  flowing  at  a  rate  of  60 
ml/min  and  then  sealed  in  a  special 
apparatus  (designed  by  Oceanography 
International  Corporation,  College  Station, 
Texas)  to  prevent  C02  contamination  from  the 
sealing  flame. 


(11)  Sealed  ampules  were  eated  at  125°C  for 
four  hours  in  an  autoclav  •  to  oxidize  organic 
carbon  to  carbon  dioxide. 

(12)  The  carbon  dioxid »  content  of  each 
ampule  was  then  analyzed  in  a  special  aapule 
breaking  apparatus  (designed  by  Oceanography 
International  Corporation  College  Station, 

Texas)  which  permits  the  :arbon  dioxide  to  be 
flushed  through  an  infrar  »d  analyzer. 

The  carbon  dioxide  conte  it.  of  each  ampule  was 
determined  by  flushing  the  gas  content  of  the  aapule  with 
nitrogen  into  the  gas  stream  of  a  non-dispersive  infrared 
analyzer  sensitized  to  carbon  dioxide.  The  detector  output 
of  the  analyzer  was  recorded  as  a  peak  on  a  potentioaetric 
strip  chart  recorded  equipped  with  an  integrator. 

Standard  carbon  dioxide  conversion  graphs  were  made  by 
plotting  the  integrated  area  versus  carbon  for  standardized 
sodiua  carbonate  solutions.  The  standard  was  made  by 
injecting  a  known  volume  of  the  sodiua  carbonate  standard 
through  a  rubber  septum  in  a  special  vial  containing 
phosphoric  acid  solution.  The  organic  carbon  concentration 
(those  organic  carbon  compounds  oxidized  by  persulfate  and 
heat  to  carbon  dioxide)  of  each  ampule  was  determined  by 
comparing  the  integrated  area  to  the  standard  carbon 
dioxide  conversion  graph. 

The  deviation  for  duplicated  DOC  determinations  on  the 
same  water  sample  was  generally  5%  or  lower,  with  POC 
usually  10%  or  lower,  A  reagent  blank  value  was  determined 
with  each  set  of  water  sanfles  sealed.  The  DOC  reagent 
blank  value  varied  from  0.003  no  C  to  0.004  mg  Cl.  The  POC 
reagent  blank  value  varied  from  0.003  eg  C  to  0.006  mg  C. 

phytoplankton  Methods 

Standing  crop  of  phytoplankton  was  based  on  collection 
of  surface  water  samples  at  each  station  from  September 
1972  through  April  1973.  Concentration  of  samples  for  cell 
counts  was  accomplished  by  passing  one  liter  of  each  water 
sample  through  a  FOERST  electrical  plankton  centrifuge 
three  tines  (Hartiann,  1958).  The  volume  of  the 
concentration  was  then  determined.  Cell  counts  mere  done 
using  a  phase  contrast  compound  microscope  and 
hemacytometer.  Direct  microscopic  counts  of  phytoplaokter 
were  expanded  to  cells  per  liter  by  the  equation  given  in 
Welch  (1948). 


Flow  chart  for  organic  carbon  analysis  (DOC  &  POC) 


Circled  numbers 
refer  to  steps 
in  procedure. 


Thawed  w.  ter  sample 


( 6 )  3-0  ml  of  water  sample 

taken  into  a  syringe  and 
injected  t*  rough  a  0.3  u 
pre-combus i ed  glass 
fiber  filti  r 


3-()  ml 


0  2.0  mi  of  filtrate 
(containing  DOC) 


8;  gla  ss  fiber 
filter  (con¬ 
taining  POC) 


pre -combusted 
glass  ampules 
with  reagents 


©  purged  of  inorganic 
carbon  and  sealed 


autoclaved  4  hours 

(l2)  analyzed  and  recorded 


103 


P^ciphytofi  qetho^s 

Periphyton  saaples  were  collected  by  allowing 
organises  to  colonize  submerged  artificial  substrates 
according  to  techniques  suggested  by  Sladeckova  (1962)  and 
Sladecek  and  Sladeckova  (1963).  The  periphyton  saaples  were 
placed  at  each  collecting  station  and  consisted  of  a 
plastic  float  supporting  a  wooden  slide  rack  constructed 
according  to  the  directions  given  in  Welch  (1948).  The 
slide  racks  were  subaerged  two  inches  froa  the  surface  aad 
the  slides  were  held  with  the  long  axis  parallel  to,  and 
their  short  axis  perpendicular  to,  the  water  surface.  The 
slides  were  collected  at  two  week  intervals  and  replaced 
with  clean  slides.  Weber  and  Raschke  (1970)  report  that  a 
two  week  exposure  period  is  sufficiently  long  to  perait 
developaent  of  abundant  periphyton  yet  is  short  enough  to 
reflect  short  tera  changes  in  water  quality.  The  periphyton 
was  scraped  froa  the  slides,  diatoa  frustules  cleaned  and 
aounted  in  hyrax  on  slides  for  aicroscopic  exaaination. 
Frustules  were  exaained  under  oil  iaaersion,  1000 
aagnification,  with  a  phase  contrast  aicroscope.  Each 
saaple  was  evaluated  by  identifying  100  diatoas  to  species 
on  each  slide.  Individuals  were  selected  by  a  transect 
method.  These  data  were  then  used  to  calculate  the 
diversity  indices  utilizing  a  Model  720  Hang  coaputer. 

The  mathematical  expression  of  the  ratio  between 
numbers  of  species  and  individuals  in  a  biotic  cosaunity  is 
referred  to  a  as  a  diversity  index  (Odua,  1959).  The 
equation:  d*  £  (n^/n)  log2  (n^/n)  reported  by  Wilha  and 
Dorris  (1968)  as  a  measure  of  diversity  (  or  inforsation) 
per  individual  was  used  where  ”n*  is  the  nueber  of 
individuals  in  "S"  species,  and  "ni"  is  the  nuaber  of 
individuals  in  the  i’th  species  with  logarithms  interpreted 
to  base  2.  Warren  (1971)  reports  that  .  reductions  in 
community  diversity  can  be  used  as  an  index  of 
environaental  change  such  as  the  introduction  of  domestic 
or  industrial  effluents  into  an  aquatic  ecosystea.  In  this 
study,  diversity  index  values  were  used  as  an  index  of 
pollution. 

One  slide  rack  was  located  at  each  collection  station 
except  Station  10.  In  an  attempt  to  assess  the  biological 
impact  of  the  effluent  from  the  Texas  Gulf  Sulfur  plant  on 
the  Trinity  River.  One  slide  rack  was  located  three  hundred 
yards  downstreaa  froa  the  outfall  and  another  was  placed 
three  hundred  yards  upstream  froa  the  outfall. 

Slides  were  collected  and  species  diversity  determined 
according  to  directions  previously  alluded  to. 
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£i*loro£]i£lJLAl!&li£i£&I_fl§£&2ds 

Chlorophyll  a,  b,  and  c  concentrations  were  deter lined 
froi  phytoplankton  water  saiples  collected  at  each  sampling 
station.  A  100  ol  aliquot  of  the  phytoplankton  saiple  was 
filtered  through  a  tnillipore  filter  type  HA  with  0.45 
micron  pores.  The  concentration  of  chlorophyll  £,  b,  and  c 
was  subsequently  determined  by  the  technique  described  by 
Kichards  and  Thoapson  (1952)  with  rewised  equations  by 
Parsons  and  Strickland  (1964).  Optical  density  values  were 
determined  using  a  Coleman  Universal  Model  14 
spectrophotometer. 

££i»ari_P£OluEtivitjr_iJetho4s 

The  rate  of  primary  productivity  was  determined  for 
each  station  using  the  Diurnal  Oxygen  Curve  Method  for 
flowing  waters  as  reported  in  Standard  Methods  (1971).  The 
grams  of  o2/aJ  and  °C  was  determined  at  each  meter  of  depth 
every  three  hours  for  24  hours.  The  last  measurement  was 
taken  at  the  same  time  the  first  measurement  was  taken.  The 
measurements  were  made  on  the  “half meter",  assuming  the 
D.o.  And  °C  at  0.5  meters  are  the  average  values  for  the 
layer  of  water  between  0.0  and  1.0  meters.  The  community 
metabolism  values  were  calculated  according  to  the 
equations  in  Standard  Methods  (1971).  Assuming  that  for 
•very  grae  of  oxygen  produced  there  is  approximately  one 
gram  of  organic  matter  produced. 

Sunlight 

6COa  ♦  12H2  0 - ¥  C6Hu  0,  ♦  602  ♦  6H20 

Chlorophyll  a 


The  rate  of  change  in  the  concentration  of  dissolved 
oxygen  in  grams  per  cubic  meter  is: 

q  =  p  -  r  ♦  d  .  ♦  a 

where  (q)  in  the  rate  of  change  in  02/a3,  (p)  is  the  rate 
of  photosynthesis,  (r)  respiration  rate,  (d)  is  the 
diffusion  rate,  and  (a)  is  the  accrual  from  ground  water 
inflow  and  runoff. 

The  rate  of  change  in  oxygen  in  a  one  square  meter 
water  coluen  is  determined  by  taking  the  sum  of  the  rates 
of  change  for  each  meter  of  depth. 


■  -  ,jm*mi** 


=  f  <P  -  r  *  din.*  a> 


The  diffusion  rate  of  oxygen  into  the  water  (0)  is 
determined  by  aultiplying  the  gas  transfer  coefficient  (K) 
and  the  percent  saturation  deficit  (S) . 

D=  KS 

(D)  is  the  diffusion  rate  in  g  o,/«*/hr  and  (K)  is  based  on 
the  diffusion  rate  at  zero  percent  saturation. 

The  gas  transfer  coefficient  (K)  is  calculated  by  the 
following  equation: 

K  -  qtr.~  qe 

sm  se 

where  (qB)  is  the  average  negative  rate  of  change  daring 
the  eorning  hours  before  sunrise,  (qe)  is  the  average 
negative  rate  of  change  during  the  evening  hours  after 
sunset,  (Sra)  is  the  saturation  deficit  in  the  eorning  hours 
before  sunrise  and  (S  )  is  the  saturation  deficit  in  the 
evening  hours  after  sunset. 

Gross  productivity,  conaunity  respiration,  and  net 
productivity  in  g  o2/n*/day  were  calculated. 

Milligraas  of  o2  produced  was  converted  to  ailligraas 
of  carbon  by  the  equation  reported  by  Strickland  (19(6): 

Carbon  assiailated  by  photosynthesis  in  ag  per  unit  tiee  * 
(eg  0 2  evolved  in  unit  tine)  z  0,375 

PQ 

A  PQ  (photosynthetic  quotient)  of  1.2  vas  used. 

BSftliliS^fiethsds 

At  the  site  of  collection  one  Bknan  dredge  grab  (1/25 
sg.  Heter)  was  passed  through  a  bucket  with  a  double- 
screened  bottoa  and  the  contents  retained  for  laboratory 
exanination.  After  reaoval  of  any  visible 
aacroinvertebrates,  this  saaple  was  filtered  through  two  to 
six  of  a  series  of  screens  of  graduated  nesh  sizes  10  to 
230.  Contents  of  each  screen  were  plaeed  in  pens  or  in 
petri  dishes  for  nicroscopic  exanination,  with  the 
exception  of  nolluscs,  which  were  retained  in  plastic  bags 
or  in  water.  Invertebrates  were  counted  and  preserved  in 
FAA  (foraalin-aceto-alcohol)  (Pennak,  1953)  for  later 
identification. 


A  diversity  index  figure_forf.  each  saaple  taken  was 
calculated  by  the  foraula  d  log2  (ni/n)  (lilha 
and  Dorris,  1968) .  For  this  purpose,  organises  sere 
separated  into  as  aany  different  species  as  possible. 

2fi2£l<|£j(£oj)_netj)sd£ 

Zooplankton  collected  in  one  five-ainute  horizontal 
plankton  tow  with  a  #25  bolting  cloth  plankton  net  was 
retained  for  laboratory  examination.  After  brief 
observation  of  living  organises  beneath  both  dissecting  and 
coapound  aicroscopes,  the  plankton  was  preserved  in  PAA 
(foraalin-aceto-alchhol)  (Pennak,  1953).  Three  one* 
ailliliter  portions  of  each  hoaogeneously  sized  saaple  were 
identified  and  counted  in  a  Sedgewick-Hafter  cell  under  the 
coapound  microscope  at  10X  power.  By  the  use  of  an  average 
value  for  each  organisa  in  the  three  nilliliters  and  the 
total  nuaber  of  nilliliters  in  the  saaple,  extrapolation 
produced  the  estiaated  total  nuaber  of  each  organisa  in  the 
five-ainute  plankton  tow. 

A  diversity  index  (3)  figure-for  each  saaple  taken  was 
calculated  by  the  foraula  S'  *  -*(ni/n)  log2  (n,/n)  (Rilha 
and  Dorri3,  1966) .  For  this  purpose,  organises  were 
separated  into  as  aany  different  species  as  possible.  Also, 
nuabers  of  ephippia  were  added  to  cladocera  numbers, 
nauplii  to  copepods,  and  dipteran  pupae  to  dipteran  larvae 
before  calculation  of  3. 

fid£t«£iol2ay_fieij|ods 

The  net  hods  involved  in  this  study  will  include  the 
nillipore  technigue  and  the  aultiple  tube  fomentation 
methods.  These  techniques  will  give  an  estiaate  of  the 
nuaber  of  total  colifora,  fecal  colifora  and  fecal 
streptococcus  per  100  nilliliters  of  water  saaple.  The 
saapling  procedure  involved  collecting  a  200  nilliliter 
surface  water  sanple  in  a  sterile  250  ailliliter  erlenaeyer 
flask.  The  saaples  were  ieeediately  placed  in  refrigeration 
at  4 ®c  and  returned  to  the  laboratory  for  analysis. 


Methods  I 

(Preparation  of  nedia  used  in  HPM  and  neabrane  filter 

analysis) 

The  lactose  feraentation  nedia  used  in  the  nost 
probable  nuaber  deteraination  was  prepared  by  using  7.5 
grans  of  lactose,  16  grans  of  phenol  red  broth  base  and  1 
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liter  of  distilled  water.  The  lactose  aedia  was  then 
pipetted  into  test  tubes  in  nine  ailliliter  portions.  The 
durhaa  tubes  were  autoclaved  for  fifteen  ainutes  at  121 
degrees  centigrade.  The  lactose  tubes  were  then  stored  at  4 
degrees  centigrade  for  not  aore  than  thirty  days. 

Eosin  aethylene  blue  plates  were  used  on  the 
confiraatory  step  on  the  aost  probable  nuaber  analysis.  The 
aedia  was  prepared  using  the  directions  on  the  bottled 
dehydrate.  The  plates  were  stored  in  plastic  bags  &t  4 
degrees  centigrade  for  period  not  to  exceed  thirty  days. 

The  completed  step  utilized  the  above  aentioned 
lactose  preparation  and  nutrient  agar  slants  which  were 
prepared  following  the  directions  on  the  bottled  dehydrate. 
The  nutrient  agar  aedia  was  pipetted  into  test  tulles  and 
autoclaved  for  fifteen  ainutes  at  121  degrees  centigrade. 
The  tubes  were  reaoved  froa  the  aatoclev®  and  slanted  until 
the  aedia  solidified.  The  slants  were  tt»©a  stored  at  4 
degrees  centigrade. 

Three  sedi i  were  used  in  the  aeabrane  filter  analysis. 
These  included  a-Bndo-HF  broth  for  total  colifora,  n-PC 
broth  for  fecal  colifora,  and  a-enterococcus  agar  for  fecal 
streptococcus.  Autoclaved  2S0  ailliliter  erlenacvei.'  flasks 
with  cotton  plugs  were  used  for  preparation  of  100 
ailliliters  of  distilled  water  aeasured  in  an  autoclaved 
graduated  cylinder.  Two  ailliliters  of  95%  ethyl  alcohol 
were  added  to  the  water  in  the  graduated  cylinder.  The 
contents  were  t ten  poured  into  the  flask  containing  the  k- 
Bndo-HF  broth  dehydrate.  The  flask  was  then  reaoved,  ani 
the  aedia  allowed  to  cool.  If  the  aedia  was  not  used 
immediately,  t  len  it  was  refrigerated  for  a  aaxiaus  or 
ninety-six  hour?. 

The  s-FC  bcoth  was  prepared  by  weighing  out  3.7  graas 
of  dehydrated  aedia  and  placing  it  in  an  autoclaved  250 
ailliliter  flas<.  One  hundred  ailliliters  of  distilled 
water  were  aeasured  in  an  autoclaved  cylinder  and  added  to 
the  dehydrate  in  the  flask.  One  ailliliter  of  IX  rosolic 
acid  was  added  to  the  dissolved  broth.  The  flask  was  then 
heated  in  a  100  degree  centigrade  water  bath  until  the 
aedia  began  to  boil.  The  nedia  was  then  allowed  to  cool  to 
roos  temperature,  if  it  was  not  used,  it  was  stored  et  2-10 
degrees  centigrade  for  a  saxinua  of  ninety-sir  hours. 

The  a-enterococcus  agar  dehydrate  involved  weighing 
4.2  grass  of  nedia  and  placing  it  in  an  autoclaved  flask. 
One  hundred  sili-iliters  of  distilled  water  was  added,  and 
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t  h**  t  lask  was  placed  in  4  100  degree  centigrade  water  bath 
where  the  liquid  was  heated  to  boilii q.  The  liquid  agar  was 
then  cooled  to  45-50  degrees  cent  qrade  and  dispensed  in 
six  ailliliter  portions  into  the  botioa  half  of  a  petri 
dish  with  a  diaaeter  of  60  aillilitei  s.  These  pletea  uay  be 
stored  in  the  dart  for  thirty  < ays  at  2-10  degrees 
centigrade. 


net  hods  1 

(Preparation  of  eedia  used  in  class: tying  fecal  colifore 
and  fecal  streptococcus) 

The  reaaining  aedia  eeployed  in  this  study  were  eade 
according  to  directions  on  the  bottled  dehydrate.  An  effort 
was  eade  to  utilize  all  aedia  be:  ore  thirty  days  had 
elapsed.  The  aedia  used  will  be  Mentioned  in  Rothods  II 
section  on  classification  of  organises. 

Methods  I 

(Preparation  of  aaterials  used  in  ao.-.t  probable  nunber  and 

nenbrane  filter  ana  ysis) 

Dilution  blanks  were  prepared  in  test  tubes  containing 
nine  ailliliters  of  distilled  water  md  in  dilution  bottles 
containing  ninety-nine  ailliliter  portions  of  distilled 
water.  These  dilution  blanks  were  autoclaved  for  fifteen 
ainutes  at  121  degrees  centigrade.  ?he  blanks  were  then 
refrigerated. 

Stock  phosphate  buffer  solut  on  was  prepared  by 
dissolving  43.0  grans  of  potassiua  dihydrogen  phosphate  in 
an  autoclaved  two  liter  erlenaeyer  flask.  This  flask  was 
then  filled  with  500  ailliliters  of  distilled  water.  The  pH 
was  adjusted  to  7.2  with  1  If  sodiue  hydroxide,  and  this 
naterial  was  diluted  to  one  liter  with  distilled  water. 
This  stock  was  stored  in  the  dark  at  4  degrees  centigrade. 
Five  hundred  ailliliter  portions  <>f  distilled  water  were 
placed  in  one  liter  flasks  and  these  portions  were 
autoclaved.  Upon  preparation  for  w.  ter  analysis  these  500 
ailliliter  portions  were  rewoved  froi  the  refrigerator,  and 
.625  ailliliters  of  stock  buffer  solution  was  pipetted  into 
the  distilled  water.  The  pH  on  the  ;tock  buffer  solution 
was  checked  before  it  was  used.  The  stock  buffer  solution 
was  prepared  on  a  aonthly  basis.  The  phosphate  buffer  water 
was  used  as  a  rinse  on  the  aenbrene  filter  apparatus 
(Millipore  Manual  AN302,  p.  21). 

The  neabrane  filtration  apparatus  was  prepared  for  use 
prior  to  the  analysis  of  each  set  of  water  saeples.  The 
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glassware  such  as  pipettes,  flasks,  and  filtering  apparatus 
were  rinsed  thoroughly  with  distilled  water  prior  to 
autoclaving.  The  saapling  flasks  are  periodically  rinsed 
with  a  dichroaate  solution  followed  by  several  distilled 
water  rinses.  The  side  ars  flasks  were  plugged  with  cotton 
and  autoclaved.  The  .  filter  support  and  funnel  are 
individually  wrapped  in  Kraft  paper.  These  were  autoclaved 
ptior  to  the  actual  filtration. 

Methods  II 

The  actual  procedural  set  hods  used  in  this  study  were 
the  nillipore  technique  and  sultiple  tube  fernentation 
aethod . 

A.  Multiple  tube  fermentation  aethod  (Sfcapdarfl  Hethods  for 
JlAlimlififi-2£.MAi«I.A£4.V£9tewAtsLi.  1971). 

1.  Dilutions  from  10*  through  10*  *ade  on 
each  saaple  using  9  ailliliter  water  blanks. 

These  dilutions  are  aade  after  thorough 
agitation  of  the  water  sample 

2.  A  three  ailliliter  portion  is  then 
pipetted  froa  each  dilution  blank.  One 
ailliliter  is  placed  in  each  of  a  series  of 
three  lactose  tubes  for  the  particular 
dilution.  A  set  of  eighteen  lactose  tubes  is 
required  for  each  saaple. 

.1.  The  tubes  are  incubated  for  48  hours  at  37 
degrees  centigrade  and  examined  for  acid  end 
gas  formation. 

4.  The  highest  dilution  showing  acid  and  gas 
production  is  streaked  on  an  eosin  methylene 
blue  plate  and  checked  after  24  hours  for  a 
green  metallic  sheen. 

5.  The  colony  shoving  a  green  metallic  sheen 
is  streaked  on  a  nutrient  agar  slant,  and 
after  growth  is  reinoculated  into  lactose 
broth  to  be  evaluated  for  acid  and  gas 
formation. 

6.  The  nutrient  agar  slant  growth  is  Cram 
stained  after  18-24  hours.  If  the  organism 
warn  Graa  negative  and  produced  acid  and  gas 
in  lactose,  the  evidence  indicated  the 
presence  of  £«£fcS£i£JlU_c2Ui. 
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B.  Membrane  filter  technique  (Millipore  Manual  AH  302, 
1972) .  The  dilutions  used  on  the  eeebrane  filter  were 
varied  aaonq  stations.  In  order  to  try  to  obtain  the 
suggested  range  ot  colonies  on  total  colifora  (20-80) , 
fecal  colifora  (20-60) ,  and  fecal  streptococcus  (20-100), 
it  was  necessary  to  try  several  dilutions  on  one  station. 
In  the  procedure  following,  this  fact  should  be  eaphasized. 
Generally  1:10,  1:100,  and  1:1000  dilutions  were  run,  and 
three  plates  set  up  for  each  analysis. 

1.  The  broth  media  used  in  aeabrane  filter 
technique  was  brought  to  rooa  temperature. 

Sterile  bO  ailliaeter  petri  dishes  were 
opened  using  the  end  of  flaaed  forceps.  The 
absorbent  pads  were  then  added  to  the  petri 
dishes  in  a  series  of  plates  necessary  for 
analysis  of  the  water  saaple.  The  pads  were 
placed  in  the  saooth  half  of  the  petri  dish. 

Two  eilliliters  of  prepared  broth  were 
pipetted  into  each  petri  dish.  1  series  of 
three  plates  was  set  up  for  each  dilution  of 
the  total  colifora  and  fecal  colifora 
analysis  which  involved  liquid  media. 

2.  The  agar  plates  were  also  reaoved  and 
allowed  to  reach  rooa  temperature  before  the 
filtration  was  initiated. 

3.  The  vacuua  pump  and  the  filtration 
apparatus  was  retained  on  the  Kraft  paper, 
mouth  down.  The  funnel  was  attached  and  the 
pump  turned  on  for  five  minutes. 

4.  The  excess  alcohol  was  burned  off  the 
forceps  and  one  sterile  filter  (0.95  a)  was 
carefully  transferred  to  the  filter  holder. 

The  filter  was  centered  with  the  grid  side 
up.  The  forceps  were  replaced  in  the  alcohol, 
and  funnel  was  placed  on  top  of  the  holder 
base  and  over  the  aeabrane  filter.  The 
filtering  funnel  was  secured  with  a  clasp. 

5.  The  sample  was  agitated  prior  to 
filtration  in  each  of  several  dilutions  set 
up  on  each  analysis.  A  sample  volume  of  10 
milliliters  for  each  dilution  series  was  then 
pipetted  into  the  filter  funnel,  and  this 
volume  was  followed  by  a  20  milliliter  rinse 
of  buffer  water.  The  buffer  rinse  was 
repeated  twice  with  the  buffer  solution 
poured  down  the  side  of  the  funnel  so  that  a 
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swirling  action  resulted. 

6.  The  aadiue-containing  petri  dish  was 
obtained  and  the  filter  was  placed  oa  the 
absorbent  pad  or  agar  depending  on  which  step 
of  the  analysis  was  being  done. 

7.  The  dilutions  used  in  the  aeabrane  filter 
analysis  were  prepared  before  filtration  and 
were  not  used  if  more  than  thirty  ninutes  had 
elapsed. 

8.  Incubation  was  beggn  as  soon  as  one 
conplete  sample  was  finished. 

9.  Total  colifnra  analysis  involving  w-Sado- 
HF  broth  were  incubated  for  twenty-four  hours 
at  37  degrees  centigrade  and  exaaiaed  for 
colonies  illustrating  a  green  Betel lie  shsen 
under  a  dissecting  scope  with  a  light  source 
attached.  The  fecal  coliforn  analysis 
utilizing  n-FC  broth  was  incubated  for 
twenty-four  hours  in  a  44  degree  bath.  The 
colonies  with  a  blue  color  were  counted.  The 
fecal  streptococcus  analysis  involving  s- 
enterococcus  was  incubated  for  forty-eight 
hours  at  37  degrees  centigrade,  and  the 
colonies  illustrating  a  red  color  *rere 
counted. 

10.  The  results  were  recorded  and  the  ratio 
between  fecal  coliforn  and  fecal 
streptococcus  was  then  calculated  in  an 
effort  to  deternine  the  source  of 
contanination. 

C.  Classification  of  fecal  coliforn  end  fecal 
streptococcus. 

1.  An  isolated  colony  is  picked  up  fros  fecal 
coliforn  or  fecal  streptococcus  plate  and 
transferred  to  a  nutrient  agar  slant.  These 
slants  were  incubated  for  18-24  hours*  and 
Graa  stains  were  done  to  deternine  gran 
negative  or  gran  positive. 

2.  The  gran  negative  organises  which  were 
isolated  froa  the  fecal  colifora  plates  were 
streaked  on  eosin  aethylene  blue  plates. 
HacConkey  plates,  and  Saleonella-Shigeliti 
agar  plates.  The  next  series  of  tearfcr. 
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involved  inoculation  of  the  ocqanise  into 
indole  media,  methyl -red-voges  Proskauer 
media,  and  citrate  tablet  test.  The  organises 
were  also  inoculated  into  Klingers  iron  agar 
slants,  dextrose  fermentation  media, 
SIM  tube s ,  and  urea  media.  This  combination  of 
media  was  then  incubated  for  twenty-four 
hours  at  37  degrees  centigrade.  A  new  culture 
was  also  inoculated  on  several  nutrient  agar 
slants.  Dextrose  fermentation  media, 
ornithine  tablet  test,  lysine  decarboxylase 
tablet  test,  phenylaline  deanisse  tablet 
test,  and  lactose  fermentation  media  were 
also  used.  Aseptic  technique  was  used  in  an 
effort  to  lower  the  possibility  of 
contamination. 

3.  The  gram  positive  organisms  which  were 
isolated  from  the  fecal  streptococcus  plates 
were  transferred  to  trypticase  soy  agar 
slants.  Gram  stains  were  done  on  these 
cultures  after  18-24  hours  growth  at  37 
degrees  centigrade.  The  organisms  were  then 
transferred  to  brain  heart  infusion  broth  for 
two  days  at  10  degrees  centigrade.  The 
organisms  were  also  inoculated  into  40%  bile 
broth  and  examined  for  growth.  The  organisms 
were  then  checked  for  catalase  reaction.  Two 
temperatures  (45  degrees  ard  10  degrees 
centigrade)  were  then  employed  to  check  for 
growth.  The  one  that  grew  at  both 
temperatures  were  confirmed  with  growth  in 
6.5%  sodium  chloride  in  brain  heart  infusion 
broth.  The  next  step  involved  streaking  the 
organisms  (those  that  grew  at  both  45  and  10 
degrees  centigrade  and  those  tlat  grew  only 
at  45  degrees)  onto  a  starch  e.gar  plate.  The 
streptococci  that  grew  at  45  degrees 
centigrade  only  were  then  ti  ansferred  into 
lactose  fermentation  media  to  check  for  acid 
reaction  after  twenty-four  hoi rs  incubation. 
The  organisms  that  grew  at  bot)  temperatures 
were  placed  in  litmus  milk  for  the  final  step 
of  analysis.  After  incubatior ,  the  litmus 
milk  cultures  were  checked  for  peptonization. 
(Geldreich  and  Kenner,  1969). 


Growth  on  nutrient  agar  slant  for  l8-2'U  hours 
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RBSULTS  AMO  OISCUSSIOI 


Miis  t-UaaUti 

The  results  of  water  quality  analysis  nay  be  found  in 
Appendix  111-01  and  in  Figures  XII-01,02,03,  and  04.  Oxygen 
is  perhaps  the  single  aost  iaportant  parameter  that  a 
lianologist  can  aeasure  in  any  aquatic  envxronaent.  Oxygen 
values  on  the  Trinity  Biver  varied  froa  a  ainisal  average 
of  4.7  parts  per  Billion  at  Station  3  to  a  aaxiaal  average 
value  of  10.4  parts  per  aillion  at  station  8.  In  general* 
oxygen  tends  to  increase  gradually  froa  Station  3 
dovnstreaa  to  Lake  Livingston.  Belov  Lake  Livingston, 
oxygen  values  are  significantly  higher  than  values 
encountered  on  the  upper  river.  This  increase  in  oxygen 
below  Lake  Livingston  reflects  increased  water  quality 
which  will  also  be  reflected  in  other  paraaeters  yet  to  be 
discussed.  The  high  value  of  10.4  parts  per  aillion  at 
Station  8  suggests  two  possible  explanation.  (1)  There  say 
be  fewer  organics  present  in  the  water  at  station  8 ,  wost 
of  these  having  been  broken  down  and  utilized  by  organises 
in  Lake  Livingston  (as  seen  by  the  eutrophic  state  of  the 
upper  region  of  the  lake) ,  or  having  been  settled  out  as 
sediaent.  (2)  also  the  release  of  water  at  the  Livingston 
Daa  aay  in  itself  serve  to  oxygenate  the  water  as  a  result 
of  tuabliag  down  the  "release  way".  Once  below  the  daa  and 
Station  8,  organics  aay  again  increase,  resulting  in  the 
observed  decrease  froa  10.4  parts  per  aillion  at  Station  8 
to  8.8  parts  per  aillion  at  Station  10.  The  depression  of 
oxygen  at  Station  10  aay  also  result  froa  high  chlorides. 
Siailarly,  up  river,  oxygen  decreases  froa  Station  * 
Stations  2  and  3  are  due  priaarily  to  the  excessive  iny-.t 
of  organic  aatter  fron  domestic  sewage  froa  tie 

metropolitan  Fort  Worth- Dallas  area.  Upstreaa  froa  Station 
1 ,  the  Trinity  Biver  receives  effluents  froa  two  major 
sewage  treataent  plants.  Fort  Worth  Biverside  and  Fort 
Worth  Village  Creek  and  effluents  froa  two  aajor 

industries,  Fort  Worth  Refining  Company  and  the  American 
Manufacturing  Company.  Downstreaa  froa  Station  1,  the 
effluents  froa  four  aajor  sewage  treataent  plants  are 
received,  the  TRA  Central,  Dallas  White  Rock,  Dallas  and 
Dallas  south  Side,  while  the  effluents  of  one  aajor 
industry  is  received,  Proctor  and  Gaable  Incorporated. 
(Forrest  and  Cotton,  1970) .  white  Rock  Creek  receives  the 
effluents  froa  the  Richardson  sewage  treataent  plant  and 
foras  a  confluence  with  the  Trinity  River  apstreas  froa 
Station  2.  The  Bast  Fork  of  the  Trinity  liver  is  also  the 
source  of  a  considerable  in- put  of  organic  enrichseat,  with 
one  of  the  aajor  sources  coning  froa  Gar laad- Duck  Cs tefc 
producing  an  average  sewage  discharge  of  9.80  (ago) „ 
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Average  values  for  conductivity 
sulfate,  and  chloride  at  coll¬ 
ection  stations  on  the  Trinity 
River  from  September  1972  to 
April  1973. 


MILES 


The  influence  of  organic  enrichment  on  dissolved 
oxygen  is  borne  out  well  by  the  relationship  between  oxygen 
concentrations  and  biochemical  oxygen  demand  (BOD$)  at  each 
station.  Generally,  BOD5is  high  above  Lake  Livingston  with 
a  maximum  average  of  9.9  parts  per  million  at  Station  2. 
Below  Lake  Livingston  BOd5  values  drop  significantly, 
showing  a  minimum  average  of  2.9  parts  per  million  at 
Station  8,  again  indicating  the  removal  of  organics 
occurring  in  the  lake.  Whore  plotted  together,  oxygen  and 
BO»,  show  an  inverse  relationship  to  be  highly 
significant  with  a  correlation  coefficient  of  t  *  >0.9045. 

Orthophosphate  also  shows  some  interesting  trends. 
Orthophosphate  shows  a  maximum  average  of  10.94  parts  per 
million  at  Station  2,  and  a  minimum  average  of  0.54  parts 
per  million  at  Station  9.  Plotting  BODs  against 
orthophosphate  indicates  that  these  parameters  are  also 
closely  related,  and  simple  linear  i egression  showed  this 
relationship  to  be  significant  v ith  a  correlation 
coefficient  of  r  =  ♦0.9436.  The  fact  that  BODj  and 
orthophosphate  are  closely  related  suggests  that  phosphate 
is  being  introduced  into  the  river  as  domestic  pollution  as 
opposed  to  agricultural  and  industrial  pollution.  The  high 
rate  of  overturn  of  phosphorus  ard  its  conversion  from 
organic  to  inorganic  forms  may  invalidate  this  suggestion, 
however.  Fecal  coliform  to  fecal  sti eptococcus  ratios  for 
Stations  1  through  7  are  greater  than  4.0  which  indicates 
human  sewage  as  opposed  to  pasture  or  feedlot 
contamination. 

NIPkK,  Inc.  ,a  fertilizer  plant  located  near  Station  4 
did  not  appear  to  have  any  influerce  on  orthophosphate, 
with  a  significant  decrease  in  cc ncentration  between 
Station  3  and  4. 

orthophosphate  also  is  inversely  related  to  oxygen  (r 
*  -0.9024).  This  relationship  may  be  real  and  significant 
if  a  high  phosphate  value  triggers  high  bacterial 
populations  and  a  resultant  high  oxygen  demand.  Hayes  and 
Phillips  (1958)  have  shown  that  bacteria  take  up  large 
quantities  of  inorganic  phosphorus,  cn  the  other  hand,  the 
relationship  of  orthophosphate  and  o»ygen  may  merely  be 
coincidental  to  the  more  elementary  relationships  of 
phosphate  to  BOD8  and  BODs  to  oxygen.  It  is  also 
interesting  to  note,  from  the  tremendous  decrease  in 
orthophosphate  from  Station  7  (9.42  parts  per  million)  to 
Station  8  (0.56  parts  per  million),  that  there  must  be  a 
significant  uptake  and  utilization  of  phosphorus  in  Lake 
Livingston  and  this  is  probably  having  a  marked  effect  on 
the  eutrophication  of  the  reservoir. 


The  pH  values  appeared  to  be  correlated  with  oxygen, 
with  a  correlation  coefficient  of  *0.9465.  Since  pH  is 
often  determined  by  the  aoount  of  carbon  dioxide  in  the 
water,  the  low  pH  and  low  02  values  above  Lake  Livingston 
are  probably  related  to  the  high  BOD  values  in  this  region 
of  the  river. 

Nitrogen  values  (NH3»  N02,  NO 3)  showed  trends  which 
are  extreaely  characteristic  of  transitions  in  self¬ 
purification  from  a  zone  of  recent  pollution  to  a  zone  of 
recovery  to  a  recovered  zone.  Ammonia  shows  a  peak  average 
value  of  9.40  parts  per  Billion  at  Station  2.  This  level  is 
aaintained  until  Station  4  where  the  concentration  begins 
to  decline.  HIPAK,  Inc.  Occasionally  discharges  significant 
aaounts  of  aaaonia  in  their  effluent  (McCullough,  1972)  and 
nay  have  affected  the  slight  average  increase  at  Station  4 
compared  with  Station  3.  A  minimum  average  concentration  of 
0.41  parts  per  million  is  found  at  Station  9.  Nitrite  shows 
a  maximum  average  value  at  Station  5  of  7.87  parts  per 
Billion,  and  declines  to  a  minimum  average  of  >0.0008  parts 
per  million  at  Station  9.  Nitrate  shows  a  maximum  average 
of  2.66  parts  per  million  at  station  6  and  also  decreases 
downstream  to  a  minimum  average  of  0.16  parts  per  million 
at  station  10.  This  downstream  trend  of  ammonia  being 
replaced  by  nitrite,  which  is,  in  turn,  replaced  by 
nitrate,  is  a  commonly  observed  phenomenon  which  occurs  as 
a  result  of  downstream  oxidation  of  ammonia  to  nitrite  to 
nitrate.  It  is  also  interesting  to  note  that  there  is  a  net 
loss  of  nitrogen  from  above  Lake  Livingston.  Mo  immediate 
explanation  can  be  made.  Ammonia  concentrations  peeked  at 
Station  4,  nitrite  peaked  at  Station  6,  while  the  average 
phytoplankton  biomass  was  found  to  peak  at  Station  4  and 
begins  to  decline  downstream.  The  effect  of  the  nitrogen 
peaks  on  phytoplankton  biomass  production  is  not  clear.  The 
decline  may  be  due  to  grazing  effects,  increased  turbidity 
and  color,  or  to  some  other  limiting  nutrient. 

Chlorides  varied  from  36  parts  per  million  at  Station 
9  to  131  parts  per  million  at  Station  10.  This  tremendous 
increase  at  Station  10  is  the  result  of  salt  water 
intrusion  from  Trinity  Bay  and  salt  water  pollution  from 
the  Texas  Gulf  Sulfur  Plant  at  this  location.  Tehaucana, 
Chambers  and  Bichland  Creek  lave  been  found  to  carry  high 
concentrations  of  chlorides  (fcCullough,  1972) •  However, 
the  results  of  this  investigation  do  not  show  that  the 
waters  from  these  tributaries  are  having  any  significant 
effect  on  chloride  concentrations  at  stations  downstream 
from  their  confluence  with  the  Trinity  Biver.  Station  5 
only  shows  an  average  increase  of  3  ppm  above  that  at 
Station  4.  Otherwise,  above  Lake  Livingston,  chlorides  show 
a  general  decrease  from  Statioi  1  to  Station  7. 


Conductivity  ranged  fron  a  high  average  of  790  aicro 
ahos  at  Station  1  to  a  low  average  of  335  aicro  ahos  at 
Station  9. 

sulfate  concentrations  ranged  froa  a  high  average  of 
14^  parts  per  ailiion  at  Station  2  to  a  low  average  of  37 
parts  per  ailiion  at  Station  9.  Proa  Station  2  there  was  a 
general  decline  downstreaa  with  an  increase  at  Stations  4 
and  10  which  are  noteworthy.  H1PAK  has  reported  (Forrest 
and  Cotton,  1970)  720  ppa  of  sulfate  in  effluents  which  aay 
be  responsible  for  the  increase  at  Station  4.  Station  10 
increase  nay  be  caused  by  sulfate  discharges  fron  Texas 
Gulf  Sulfur.  McCullough  (1972)  reported  310  ppn  sulfates  in 
effluents  froa  this  plant.  Sulfate  was  closely  related  to 
orthophosphate  in  the  present  study  (r  =  to. 9246).  The 
factors  involved  in  this  relationship  are  not  known. 

Turbidity  varied  fron  a  maximum  average  of  161  JTD  at 
Station  4  to  a  nininun  average  of  28  JTU  at  Station  9. 
Phytoplankton  reached  an  average  high  at  Station  4  which 
would  contribute  to  turbidity.  Color  showed  a  aaxinua 
average  of  117  color  units  at  Station  7  and  a  alniaua 
average  of  55  color  units  at  Station  9.  Turbidity  showed  a 
significant  decrease  below  Lake  Livingston  as  a  probable 
result  of  settling  of  suspended  matter  in  Lake  Livingston. 
Turbidity  also  showed  a  second  high  peak  (other  than  the 
■axiaua  at  station  4)  at  Stations  6  and  7.  This  increase 
nay  be  the  result  of  the  Inflow  of  turbid  water  froe 
Chaabers,  Richland  and  Tehuacana  Creeks.  Color  also 
increased  at  these  stations,  color  and  turbidity  probably 
liaits  primary  productivity  at  Stations  above  Lake 
Livingston,  particularly  at  Stations  4  through  7.  PH  PC A 
(1968)  points  out  that  color  values  in  excess  of  50  JT0 
will  liait  photosynthesis  by  phytoplankton. 

Sediaent  oxygen  deaand  S.o.D.  was  quite  variable,  but 
soae  general  trends  can  be  seen.  Average  values  ranged  froa 
32.4  parts  per  ailiion  of  oxygen  per  kilogram  dry  weight  of 
sediaent  per  ainute  at  Station  1  (with  one  value  as  high  as 
41.8  ppn)  to  a  low  of  7.4  ppa  at  Station  6.  Generally, 
there  was  a  decline  in  SOD  downstream  froa  the  Dallas-Port 
Worth  area,  thought  to  be  the  major  source  of  the  organics 
causing  the  deaand.  Station  7  was  a  major  exception  to  this 
trend,  and  no  iaaediate  explanation  can  be  given  at  this 
tiae  for  this  result.  Total  organic  carbon  data  froa  bottoa 
sediments  (Figure  111-05  and  Table  111-01)  reveals  the  saae 
general  conclusion  as  the  Sediaent  Oxygen  Deaand  (SOD) 
data.  The  bottoa  sediaents  froa  the  Dallas-Fort  Worth  area 
(Stations  1  and  2)  and  the  sediaents  below  the  confluence 


Table  III-01.  Total  organic  carbon  (eg  carbon/  graa  dry  weight  soil) 
for  bottoa  samples  froe  the  Trinity  River 
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of  the  Trinity  Kiver  and  the  East  Pork  Trinity  Biter# 
contain  the  highest  anounts  of  total  organic  carbon.  A 
thick  layer  of  black  sludge  was  very  evident  at  Stations  1, 
2#  and  3  at  most  collecting  periods#  and  appeared  to  be 
greatly  reduced  during  periods  of  high  flow.  The  origin  of 
the  organic  sludge  is  primarily  froa  sewage  discharge# 
evidenced  by  the  fact  that  the  organic  content  of  the 
bottom  sediments  progressively  declined  downstream  from 
Station  2,  the  station  nearest  the  greatest  sewage 
discharge  on  the  river.  The  total  carbon  data  and  sediment 
oxygen  demand  data  strongly  suggest  that  the  sediments  near 
Stations  1#  2#  and  3  probably  account  for  the  depressed 
oxygen  values  observed  during  a  river  rise  on  the  Trinity 
River.  This  oxygen  depression  was  observed  in  water  quality 
data  collected  during  a  river  rise  in  this  study  and  the 
phenomenon  is  reported  to  be  the  cause  of  frequent  fish 
kills.  The  bottom  sediments  at  Station  2#  for  example#  with 
a  very  high  oxygen  demand  and  high  organic  content  would  be 
Nscoured  out"  by  flood  conditions.  The  sediments  at  Station 
2  did  not  ever  appear  to  be  dense  or  "tightly  packed"  on 
the  bottom  but  were  more  loosely  packed  and  easily 
disturbed  by  a  strong  current  or  an  object  such  as  the 
bottom  sampler  used  to  obtain  sediments,  is  the  sediments 
become  resuspended#  an  enormous  oxygen  demand  would 
suddenly  be  placed  on  the  water  mass#  depressing  the 
dissolved  oxygen  values. 

On  October  23,  1972  to  October  31#  1972  water  quality 
data  was  collected  for  Stations  5,  6#  and  7  during  a  river 
rise.  The  results  of  chemical  analysis  on  samples  collected 
during  these  dates  are  given  in  Appendix  III-02. 

Although  the  data  reflects  only  one  river  rise  and 
only  a  segment  of  the  river#  only  some  generalities  can  br 
observed.  Host  of  the  stations  showed  a  drop  in  dissolved 
oxygen  as  the  river  began  to  rise,  followed  by  a  general 
increase  in  dissolved  oxygen.  The  turbidity#  color  and 
conductivity  in  most  cases  increased  during  the  rise.  .At. 
Station  5#  the  initial  wave  contained  relatively  high 
chloride  and  sulfate  levels#  perhaps  as  tributaries  became 
flushed  out  upstream.  Ammonia  doubled  its  concentration  at 
the  initial  flood  waters  arrived  but  three  days  later 
dropped  to  very  low  levels  as  the  rise  continued.  Average 
BOD#  POC  and  DOC  were  all  relatively  high  during  the  water 
rise. 

The  results  of  dissolved  organic  carbon  analysis  (DOC) 
and  particulate  organic  carbon  analysis  (POC)  are  given  it 
Appendices  111-01,  III-02  and  the  average  values  for  each 
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station  in  Figures  III-06  and  III-07.  Average  POC  values 
ranged  froa  8.5  ppa  at  Station  2  to  3.2  ppa  at  Station  9, 
and  average  DOC  values  ranged  fro*  8.5  at  Station  2  to  4.7 
at  .station  8.  A  comparison  is  given  in  Table  HI-02  of  the 
POC  and  DOC  ranges  in  the  Trinity  River  with  other  river 
studies. 

Figure  III-06  suggests  that  the  principle  source  of 
particulate  organic  carbon,  in  the  study  area,  is  domestic 
sewage.  The  average  POC  value  peaks  at  Station  2  and 
progressively  declines  at  downstream  stations.  In  this 
study,  aaeonia  levels  are  indicative  of  recent  sewage 
discharge,  siaple  linear  regression  shows  aaaonia  values 
are  highly  correlated  with  POC  values,  with  a  correlation 
coefficient  of  +0.8229,  significant  at  the  99%  confidence 
level.  It  is  of  interest  to  note  the  wide  range  in  values 
at  Stations  4  and  5  which  are  the  stations  where 
phytoplan iton  bioaass  was  usually  quite  dense.  The  general 
decline  in  POC  downstreaa  could  be  due  to  several  causes, 
nuch  of  tie  particulate  aatter  introduced  at  Station  2  near 
Dallas  could  settle  out  downstreaa.  The  dilution  effect, 
because  of  increased  volune  of  the  river,  could  also  reduce 
POC  values.  Aquatic  organises  (e.g.  Bacteria,  protozoa  and 
filter  feeders)  could  also  effect  a  reduction  in 
concentrations. 

Brooks  (1970)  found  in  the  Brazos  River  that  POC  was 
directly  related  to  river  discharge  with  the  increased  POC 
probably  due  to  allochthonous  aatter  being  washed  into  the 
river  during  flooding  conditions.  Weber  and  Moore  (1967) 
reported  that  POC  was  related  to  river  height  in  the  Little 
Miaai  River  in  Ohio.  Both  Brooks  (1970)  and  Weber  and  Moore 
(1967)  reported  that  DOC  concentrations  were  not  related  to 
river  discharge.  In  this  study,  no  relationship  between  POC 
concentrations  and  discharge  was  observed.  The  Trinity 
River  base  flow  is  sewage, so  that  during  low  discharge  the 
sewage  is  wore  concentrated  and  the  POC  would  be  high. 
During  flood  conditions  the  POC  froa  sewage  would  be 
diluted  but  allochthonous  detritus  washed  in  by  flood 
waters  would  increase  the  value,  so  that  no  clear 
relationship  between  POC  and  discharge  could  be  expected. 
Brooks  (1970)  found  DOC  values  to  be  the  best  indication  of 
organic  pollution.  In  this  study  both  could  be  u?ed  as  an 
indicator  of  water  pollution  since  both  showed  an  average 
aaxiaua  at  Station  2  and  generally  declined  downstreaa; 
however  DOC  was  better  correlated  with  BOD  (r  =  +0.70)  than 
was  POC  and  BOD  (r  *  +0.51).  Siaple  linear  regression 
showed  DOC  was  correlated  with  orthophosphate  (r  *  +0.8295) 
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significant  at  the  99%  confidence  level,  Wilson  (1963) 
found  that  the  Colorado  River  in  Texas  increased  in  total 
organic  carbon  as  it  flowed  to  the  coast. 

Coaputation  of  Average  Metric  Tons/day  (Avg/Ht/Day) 
for  total  Organic  carbon  (DOC  plus  POC)  indicates  an 
increase  in  each  constituent  with  river  Bile  (Table  III- 
OJ) .  The  coaputation  of  Avg.  MT/Day  utilizes  flow  data  to 
calculate  an  estiaate  of  the  nass  balance  transported  by 
the  river  past  the  station  sampled.  Table  111-03  coapares 
the  Avg/HTDay  for  TOC,  DOC,  and  POC  and  calculates  the 
River  Index  for  organic  carbon  by  d  viding  the  Avg  NT/Day 
by  the  total  river  mileage  above  the  station  for  each 
station  sampled,  station  3  below  Dal  as  exports  9  tines  as 
much  Avg  HT/Day  of  TOC  than  Station  1  (between  Fort  (forth 
and  Dallas)  to  0.78  at  Station  >  (below  Dallas).  High 
levels  of  organic  carbon  are  transp  >rted  to  Station  8, 
where  the  TOC  River  Index  crops  back  to  0.14.  If  Station  7 
is  considered  the  last  high  River  Ind  >x  (see  Table  III-03) 
and  it  is  J15  miles  downriver,  tie  total  river  mileage 
polluted  can  be  calculated  as  at  lea  ;t  255  river  aile3. 
This  can  be  calculated  by  subtracting  the  60  ailes  of  river 
above  Fort  Worth-Dallas  from  the  315  ailes.  At  least  1/2  of 
the  entire  Trinity  River  is  affected  by  aunicipal  or 
industrial  sewage  from  the  Fort  Worth-Dallas  area. 

A  calculated  estimate  of  3.52  x  10  Metric  Tons/year 
of  total  organic  carbon  was  exported  by  the  Trinity  River 
into  Trinity  Bay.  This  determination  utilizes  the  data  froa 
Station  9  during  the  study  period. 

The  following  conclusions  may  be  drawn  froa  the 
organic  carbon  analysis: 

1.  The  highest  concentrations  of  DOC  aud  POC 
were  observed  at  Station  2  (near  Dallas)  with 
station  means  of  DOC  and  POC  t eing  8.56  ppa 
and  8.58  ppm  respectively. 

2.  The  largest  Average  Metric  Tons  per  Day  of 
TOC,  DOC,  and  POC  were  observed  at  Station  3, 
located  just  below  the  confluence  of  the 
Trinity  River  with  the  Ea:;t  Fork  of  the 
Trinity  River. 

3.  On  the  average,  at  least  2!>0  eiles  of  the 
Trinity  River  (or  1/2  of  the  river  mileage) 
is  affected  by  the  aunicipal  and  industrial 
sewage  wastes  from  the  Fort  Worth-Dallas 
area. 


4.  A  calculated  estimate  of  3.52  x  10  Metric 
Tons  per  year  of  Total  Organic  Carbon  vas 
exported  by  the  Trinity  River  into  Trinity 
Bay,  utilizing  the  data  collected  from 
Station  9  during  the  study  period. 

Collection  and  subsequent  analysis  of  river  sediaents 
was  made  during  1972-73,  as  previously  described  in  the 
methods  section.  A  total  of  49  samples  were  collected. 
Results  of  these  analyses  are  given  in  Appendix  111*03  and 
Table  111-04.  Out  of  49  samples,  45  contained  measurable 
amounts  of  Chlordane  (92.01),  and  38  samples  contained 
measurable  amounts  of  DOE  (77.5%).  Measurable  amounts  of 
Heptachlor  were  found  in  20  samples  (40.8%).  Lindane  was 
found  in  12  samples  (24.5%),  DDT  in  8  samples  (16.3%),  and 
Aldrin  in  6  samples  (12.3%). 

Dieldrin  and  Endrin  were  found  in  4  and  5  samples, 
respectively,  Mirex  in  2,  and  Methoxychlor  was  not  detected 
in  any  samples.  Table  III-05  gives  the  means  and  standard 
deviations  for  pesticides  in  micrograms  per  kilogram  of 
sediments  for  the  entire  river. 

Chlordane  varied  between  402.47  mcg/kg  at  the  Bosser 
station  on  October  12,  1972  to  0.00  mcg/kg  at  the  Cayuga 
station  on  January  12,  1973.  DDE  showed  a  smaller  range.  It 
varied  between  10.99  mcg/kg  sediment  at  the  Rosser  station 
on  January  12,  1973,  to  undetectable  amounts  on  several 
occasions.  Analysis  of  variance  indicates  that  both  DDE  and 
Heptachlor  are  statistically  related  to  Chlordane 
concentration  (a^.oi).  Heptachlor,  itself  was  detected  more 
often  in  the  upper  three  stations  than  in  the  lower  three. 
It  occurred  in  75.3%  of  the  samples  collected  in  the  lower 
three.  Concentrations  of  Lindane  were  relatively  low  at  the 
Highway  7  and  21  stations  with  a  high  of  just  over  one 
microgram  per  kilogram  sediment.  Lindane  concentrations 
were  detected  in  5  out  of  19  samples  at  the  Fairfield  and 
Cayuga  stations  and  ranged  between  0.93  acg-kg  to  3.92 
mcg/kg  sediment.  Sediaents  from  the  uppermost  stations. 
Highway  85  and  Rosser,  showed  the  highest  concentrations  of 
Lindane.  It  occurred  in  5  out  of  the  13  samples  and  ranged 
between  1.05  to  6.52  mcg/kg. 

Aldrin  was  shown  to  be  concentrated  around  the  Cayuga 
station.  When  present  it  ranged  between  0.62  to  9.58  mcg/kg 
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Table  111-05.  Bean  concentrations  of  pesticide  for  the  upper 
Trinity  River  for  1-1-1972  through  1-12-1973 
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and  was  found  in  J  out  of  ')  samples  taken  froa  that 
station.  Aldrin  was  not  detected  at  the  Highway  85  station 
and  was  detected  only  once  at  the  Rosser  station.  Staples 
taken  fioa  below  the  Cayuga  station  showed  only  traces  of 
Aldrin  residues. 

Endrin  residues;  were  detected  once  at  the  Rosser 
station,  once  at  tie  Highway  85  station,  and  once  at  the 
Cayuga  station.  It  was  found  twice  at  the  Highway  21 
station.  No  detectable  quantities  were  found  at  the 
Fairfield  and  Highway  7  stations.  DDT  was  not  found  at  the 
two  uppermost  stations,  Rosser  and  Highway  85,  but  was 
found  in  two  samples  f roo  the  Cayuga  station.  It  appeared 
■ore  often  at  the  twc  lowermost  stations,  being  found  in  5 
out  of  14  samples.  Detectable  amounts  of  DDT  ranged  between 
0.22  to  7.34  mcg/kg  sediment.  It  was  found  once  at  the 
Fairfield  station. 

Dieldrin  was  not  detected  at  the  three  loweraost 
stations.  The  three  upper»ost  stations  had  four  saaples 
with  detectable  quantities  of  Dieldrin  residues.  Hirer  was 
found  in  only  two  3aitples:  one  froa  the  Cayuga  station  and 
the  other  froa  the  Highway  7  station.  Hothoxychlor  was  not 
found  in  any  saaples  taken. 

ytatistical  treatment  of  the  data  indicates  that  there 
is  no  significant  dilference  in  the  aean  concentrations  of 
any  two  adjacent  stations  for  the  following  iteas: 
Chlordane,  DDE,  Heptaohlor,  organics,  clays,  silt,  or  sand. 
An  unpaired  t-test  was  used  to  determine  this  factcr  and 
the  °f  significance  (a=0.05).  This  test  is  very 
sensitive  to  the  sample  variances.  A  Mann-Witney  non- 
puraaetric  rank  test  confiras  that  the  differences  between 
adjacent  stations  is  not  significant  (a*0.05).  Student's  t- 
test  indicate  that  there  is  a  significance  difference 
between  the  Rosser  station  and  the  lower  stations  with  the 
exception  of  the  station  at  Highway  82  which  is  adjacent  to 
it. 


Multiple  quadratic  regression  analysis  indicate  that 
there  is  n  hiyh  correlation  between  Chlordane  and  percent 
organics,  and  DDE  and  percent  organics  (as0.01).  Regression 
analysis  also  indicates  a  strong  relationship  between  the 
above  mentioned  pesticides  and  percent  clays  (a*. 01) . 
Regression  analysis,  on  the  other  hand,  shows  silts  to  be  a 
poor  predictor  of  Chlordane  and  DD8  concentrations.  Data 
suggest  an  inverse  relationship  between  percent  sand  and 
Chlordane  and  DDE. 


Pesticide  concentrations  in  the  bottom  sediments  below 
Lake  Livingston  appear  to  be  quite  low.  One  sample 
collected  near  Wall isville,  Texas  near  the  bridge  on 
Interstate  Highway  10,  contained  only  two  insecticides. 
Lindane  (0.2  micrograms  per  kilogram  of  sediment)  and 
Chlordane  (less  than  1.0  micrograa  per  kilogram  of 
sediment) .  It  would  appear  that  the  rice  production 
adjacent  to  the  lower  Trinity  River  is  not  resulting  in 
significant  pesticide  contamination  of  the  sediments. 

pesticide  analysis  of  well  water  samples  collected 
near  Rosser,  Texas  did  not  produce  any  dectable  quantities 
of  pesticides. 

Monitoring  pesticides  at  the  residue  level  has  become 
an  essential  parameter  in  assessing  the  fitness  of  a  lotic 

environment  (Barthd  e t .  A 1 . f  1969;  Breidenbach,  et _ al. . 

1967;  Brown  and  Nishioka,  1967).  The  action  and  effect  of 
pesticides  on  non-target  organisms  have  emphasized  the  need 
for  monitoring  the  levels  of  insecticides  introduced  into 
the  freshwater  ecosystem.  Since  the  early  fifties, 
scientists  have  recognized  that  chlorinated  pesticides  do 
accumulate  in  the  environment  and  can  have  adverse  effects 
on  aquatic  biota  (Surbor,  1948;  Sun,  1950;  Toung  and 
Nicholson,  1951) . 

Pesticides  may  enter  the  fresh  water  environment 
through  a  number  of  routes.  Drift  from  aerial  application 
of  agricultural  crops,  accidental  direct  application  of  an 
adjacent  stream  (Ide,  1957) ,  and  direct  application  for 
aquatic  pest  control  (Weidhass,  shhmidt,  and  Bowman,  1960) 
may  occur.  Nicholson  (1967),  however,  believes  that  a  large 
percentage  of  pesticide  contamination  comes  from  industrial 
waste  -’ischacge  from  such  industries  as  pesticide 
manufacturers  and  formulators,  and  from  surface  runoff  and 
erosion.  Since  degradation  of  many  of  the  organochlorine 
pesticides  are  slow,  one  could  expect  a  sustained  burden  of 
residues  in  rivers  that  are  adjacent  to  large  agricultural 
regions.  Fortunately,  pesticide  runoff  is  greatly  retarded 
by  the  insecticides*  affinity  for  soil  particles  (Grzenda 
et  al. .  1964;  Young  and  Nicholson,  1951). 

The  pesticide  concentrations  in  river  sediuents  is 
dependent  on  the  watershed  associated  with  a  particular 
river.  Land  use  patterns,  surface  erodability,  and  rainfall 
influence  the  extent  of  residue  burden  a  river  will  have. 
Soil  composition  of  the  surrounding  treated  acreage  appears 
to  deteruine  the  rate  of  noveaent  from  rain  runoff.  Bailey 
and  White  (1964)  have  3hown  that  pesticide  runoff  is 


si'inil  icantly  decreased  by  the  percentage  of  organics  in 
tlu*  soil.  They  have  also  shown  that  soil  texture  influences 
the  movement  of  pesticides,  with  soil  particles  of  saaller 
size  having  the  greater  affinity. 

Once  the  pesticide  has  entered  the  river  environaent, 
its  fate  is  again  partly  dependent  on  the  type  of  sediment 
with  which  it  has  become  associated.  Finer  textured 
sediments  would  have  a  proportionately  greater 
concentration  of  pesticides  and  would  be  more  easily 
transported  downstream  (Bailey  and  White,  1964;  Wharton, 
1970) .  since  most  of  the  chlorinated  pesticides  are  fairly 
hydrophobic,  the  majority  of  the  residue  found  in  water  is 
found  on  suspended  particles  and  not  dissolved  in  the  water 
itself  (Crocker  and  Wilson,  1965).  As  the  river  kinetics 
decrease,  the  decreased  load  capacity  allows  the  pesticide 
containing  sediments  to  settle  out.  It  is  not  unusual  to 
find  that  the  pesticide  contents  in  silt  and  clay  deposits 
of  a  slow  moving  river  exceed  that  of  the  water  by  several 
hundred  fold  (Edwards,  1970) . 

Percent  organics,  sand,  silt,  and  clay  were  determined 
in  order  to  assess  what  relationship  exists  in  the  Trinity 
River  between  soil  composition  and  pesticide  contents. 
Several  generalizations  may  be  drawn  from  the  data. 
According  to  statistical  treatment  of  the  data  collected, 
there  is  a  significant  quadratic  relationship  between 
Chlordane  and  DDE  residues  and  that  of  organic  and  clay 
content  in  sediments.  These  pesticides  do  not  appear  to  be 
well  correlated  with  silts;  however,  sand  is  negatively 
correlated  with  pesticide  content.  The  occurrence  of  other 
pesticides  were  so  scant  that  statistical  treatment  was 
difficult.  The  averages  of  percent  organics,  clays  and 
silts  generally  decrease  downstream  as  do  pesticide 
concentrations.  Pesticide  concentrations  increase  slightly 
on  the  Highway  7  and  Highway  21  stations  yet,  percent 
organics,  silt  and  clays  do  not.  The  pesticide  content 
appears  to  be  dependent  on  other  factors  such  as  rainfall, 
discharge,  season  and  agricultural  land  use,  as  well  as 
chemical  and  physical  parameters  of  the  river  itself. 

Second  order  regression  analysis  of  the  data  in  this 
study  indicates  that  percent  organics  or  percent  clays  are 
good  predictors  for  Chlordane  and  DDE  levels  in  sediments. 
The  following  table  gives  correlation  coefficients  for  the 
above  mentioned  pesticides  and  the  percentage  of  general 


sediment  type  from  which  t hoy  came: 


r-values 


Chlordane  vs.  Percout.  organics  .951** 

DDE  vs.  Percent  organics  .994** 

Chlordane  vs.  Percent  clays  .947** 

DDE  vs.  Percent  clays  .987** 

Chlordane  vs.  Percent  silt  .652  N.S. 

DDE  vs.  Percent  silt  .686  R.S. 

Chlordane  vs.  Percent  sand  .912* 

DDE  vs.  Percent  sand  .895* 


*  indicates  significance  at  the  95* 
confidence  level. 

**  indicates  significance  at  the  99* 
confidence  level. 

R.S.  Indicates  no  signi f icance. 


The  data  suggest  a  strong  relationship  between 
organics  and  DDE  ,  and  organics  and  Chlordane.  Clays  also 
show  positive  correlation  tor  these  pesticides,  but  silts 
do  not.  Sand  content  appears  to  be  correlated,  also, 
although  the  data  suggests  that  its  effects  on  Chlordane 
and  DDE  are  opposite  from  that  of  clays  and  organics. 

These  data  appear  to  agree  with  Bailey  and  Hhite 
(1964,  1969)  findings  that  pesticides  have  increasing 
affinities  tor  sediment  particles  of  smaller  and  lighter 
texture.  They  suggest  three  factors  in  which  these 
particles  may  interact:  (1)  adsorption  by  Coulombic  forces, 
(2)  physical  adsor  P*  ion  through  dipole  interaction 
(primarily  Van  der  Waal  forces),  (3)  and  by  adsorption 
through  hydrogen  bonding.  Kunze  (1966)  suggests  that 
"...chlorinated  hydrocarbons  tend  to  associate  or 
accumulate  in  the  organic  fraction  [  and  that  this  ]  may  be 
due  to  compounds  in  the  organic  matter  which  met  as 
solvents  for  these  insecticides." 

The  source  of  pesticide  contamination  is  not 
definitely  known.  Data  from  the  Texas  A  &  H  ixtension 
Service  indicates  that  the  counties  adjacent  to  the  Rosser 
station  utilize  more  insecticides  than  the  lower  -.ouBties. 
The  data  presented  in  this  report  suggest  that  the  river 
recovers  from  this  pesticide  burden  as  it  proce«ds 
downstream.  Bailey  and  Hannue  (1965)  reported  a  decrease  of 
pesticide  residues  in  rivet  water  of  a  rate  of  O.Oi 16 
micrograas  per  liter  per  mile  downstream  f roe  the 
application  point.  Lettrand  (1966)  states  that: 
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"When  waste  containing  pesticides  coies 
in  contact  with  water  or  the  soil, 
contaminates  in  them  start  to  move  with  thi 
entraining  water,  and  they  also  start  i 
complex  course  of  attenuation,  or  weakening 
in  strength  and  consistency ...  by  decay  or 
some  inherent  power  to  decrease  in  potency, 
by  sorption  or  soil  materials,  and  ly 
dilution  through  dispersion." 


The  upper  Trinity  is  subject  to  large  amounts  of 
domestic  sewage  from  urban  areas  in  the  Dallms-Fort  Worth 
area  (McCullough,  1972).  The  organic  matter  associated  with 
this  region  of  the  river  has  shown  to  exert  its  influence 
in  at  least  the  upper  three  stations  covered  in  this  study 
(McCullough,  1972).  Some  of  the  pesticide  residues 
recovered  may  have  come  from  domestic  and  industrial 
discharge.  Those  residues  could  easily  be  transported  by 
organic  natter  for  which  pesticides  have  a  great  affinity 
(Bailey  and  White,  1969). 

The  quadratic  relationship  of  Chlordane  and  DDE  with 
that  of  organics,  clays,  and  sand  nay  be  due  to  factors 
other  than  the  pesticide-sediment  interaction.  The 
proximity  of  the  station  to  agricultural  usage  may  be  of 
importance  in  evaluating  to  what  extent  the  pesticides  and 
sediments  will  interact.  The  Fairfield,  Highway  7  and 
Highway  21  stations,  for  instance,  receive  waters  from 
tributaries  that  drain  agricultural  areas  (McCullough, 
1972).  These  tributaries  (i.e..  Chambers,  Richland,  and 
Tehuacana  creeks)  are  also  characteristically  low  in 
organics  (McCullough,  1972) .  Chambers  Creek  drains  much  of 
Ellis  County.  County  extension  agents  report  that  some 
414,000  acres  in  Ellis  County  have  been  treated  with 
insecticides  in  1971  (McCullough,  1972).  All  three  creeks 
drain  Navarro  County.  In  1970,  Navarro  County  was  reported 
to  have  treated  49, 100  acres  with  insecticides  (McCullough, 
1972). 

The  three  points  of  the  regression  line  (see  Fig.  III- 
08) ,  that  cause  it  to  bend  upward  for  lower  clay  and 
organic  containing  sedinents  represent  Fairfield,  Highway 
7,  and  Highway  21  stations.  The  increased  average  pesticide 
concentrations  at  those  stations  may  be  due  to  Chambers, 
Richland,  and  Tehuacana  creeks  which  form  a  confluence  with 
the  Trinity  River  a  few  miles  upstream. 
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Figure  Tii-08.  f.econd  order  regression  analysis. 
J  s  b(0)  ♦  1.(l)x  b(2)x2*  of  pestioide 

concentrations  vs.  clay  and  organics  in  the 
Trinity  River,  Texas,  from  January,  1972,  to 
January,  197.'». 
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In  an  environneat  as  dynamic  as  a  river,  explaining 
relationships  between  parameters  can  be  very  complex. 
Sediment  composition  is  just  one  of  the  many  factors 
invluencing  the  amount  of  pesticides  that  will  be  recovered 
on  any  given  day  and  sample.  Experimental  technique  may 
also  enter  into  the  problem,  since  some  sediment  types  give 
greater  pesticide  recoveries  than  others  (Bailey  and  White, 
1964). 

Pesticide  usage  information,  when  compared  to 
residues,  suggest  that  most  of  the  pesticides  entering  the 
river  cone  from  agricultural  application  (Fig.  111-09  and 
Table  IIX-06).  Much  of  the  clays  associated  with  the  uppper 
Trinity  River  originate  from  land  that  is  either 
agricultural  in  nature  or  which  is  adjacent  to  such  areas. 
Since  clays  are  easily  suspended  in  water,  it  could  be 
transported  downstream  and  redeposited.  If  pesticides 
originate  from  this  area,  it  would  not  be  surprising  to 
find  that  clays  and  pesticides  are  closely  related  to  one 
another.  Regression  analysis  of  the  data  presented  bears 
out  this  finding.  Unfortunately,  clay  and  organics  are 
significantly  correlated  (r=.88)  also.  This  is 
understandable  since  organics  have  a  great  affinity  for 
clay  particles  (LeGrand,  1966) .  A  more  structured  study 
would  have  to  be  done  in  order  to  determine  whether  the 
residues  become  associated  first  with  the  organic  natter 
and  then  the  clays  or  with  the  clays  first  and  then  the 
organics. 

Figure  lli-09  illustrates  the  relationship  between 
DDE,  Chlordane,  and  pesticide  usage  with  that  of  river 
miles  upstream.  The  figure  indicates  that  there  is  a  trend 
for  these  residues  to  decrease  rapidly  downstream,  then  to 
level  off,  and  finally,  increase  slightly.  Pesticide  usage 
in  adjacent  counties  follow  the  sane  pattern. 

Northern  reaches  of  the  Trinity  River  basin  are 
characterized  by  large  agricultural  land  use.  Cotton, 
sorghum,  grains,  and  forage  crops  are  abundant  in  Bllis, 
Kaufman,  Havarro,  and  Anderson  counties  (HcCullough,  1972) . 

Peanuts,  vegetables,  soybeans  and  oats  are  among  the 
principle  crops  in  more  central  river  basin  counties  such 
as  Houston  and  I.eon  counties  (HcCullough,  1972)  .  Estimates 
of  pesticide  usage  appear  to  be  greatest  in  the  more 
northern  counties  with  a  marked  decrease  downstream 
(HcCullough,  1972).  This  decrease  may  be  doe  not  only  to 
less  agricultural  acreage,  but  to  production  of  crops 
requiring  lower  pesticide  application  as  well. 
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Table  111-06.  Cumulative  acreage  treated  with  insecticides  in  1970-71. 


STATION  NAME 

COUNTY  ADJACENT  TO  STATION 

CUMULATIVE  ACREAGE 
TREATED 

Rosser 

Ellis 

414,000 

Kaufman 

119,000 

Highway  85 

Henderson 

14,300 

• 

Navarro 

4J,iCiC 

Cayuga 

Anderson 

43,427 

Freestone 

9,000 

Fairfield 

Anderson 

4:  ;427 

Freestone 

9,000 

Highway  7 

Leon 

10, 00 3 

Houston 

48,007 

Highway  21 

Lean 

10,0uu 

Ho  iSton 

48,000 

Decs  supplied  by  the  Texes  A.  A  M.  Extension  Service,  Texes  A.  AM., 
College  Stecion,  Texes. 
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Pesticide  residue  averaqoa  appear  to  be  well 
correlated  with  application  (see  Figure  III-Q9).  The 
greatest  concentrations  of  pesticides  were  found  in  sample 
sites  closest.  to  Dallas.  Residues  were  found  less 
frequently  and  less  abundantly  downstream  with  a  slight 
increase  at  sites  adjacent  to  Leon  and  Houston  counties. 
This  increase  is  not  of  statistical  significance,  due  to 
the  high  variances  encountered  at  these  two  stations. 

The  most  frequent  pesticide  encountered  was  Chlordane, 
which  was  found  present  in  96 *  of  the  s&m  Pi  es  tested.  DOB 
was  found  in  79*  of  the  samples  and  Heptachlor  in  55*.  DDT 
and  Lindane  occurred  in  17%  and  36*  of  the  saaples 
analyzed,  respectively.  Aldrin,  Endrinc  and  Dieldrin 
occurred  less  frequently.  Direx  was  found  in  only  two 
samples,  and  methoxychlor  residues  were  not  found. 

The  scarcity  of  DDT  upstream  coupled  with  the 
frequency  of  occurrence  *  its  metabolite,  DDB,  suggest  a 
decrease  in  its  usage  (Tidswell  and  NcCasland,  1972).  It  is 
Interesting  to  note  that  although  Rosser  and  Highway  85 
stations  showed  the  greatest  concentrations  of  DDE,  no  DDT 
residues  were  identified.  Tidswell  and  HcCasland  (1972) 
found  no  DDT  for  stations  on  the  West  Fork  of  the  Trinity 
at  Loop  12  East  and  Loop  12  West  and  at  Arlington  on  state 
Highway  360,  yet  they  found  frequent  occurrence  of  DDE.  At 
stations  on  the  west  fork  at  Fort  Worth  and  the  clearfork 
at  Fort  Worth,  Tidwell  and  McCasland  had  siailar  results. 

Guenzi  and  Beard  (1967)  have  shown  that  DDT  is 
dechlorinated  rapidly  in  an  anaerobic  condition,  by 

bacteria  such  as  Escherichia  coli, _ gntecobgctey  (reported 

as  ^erobacteri .  and  p roteus.  Hill  and  McCarty  (1967)  report 
similar  results.  The  Trinity  River  frequently  contains 
dissolved  oxygen  of  less  than  3  ppm  in  these  areas  and  has 
been  known  to  contain  high  concentrations  of  bacteria 
similar  to  those  used  in  the  Guenzi  and  Beard  experiments 
(Harris,  Mary  Anne  J. ,  unpublished  thesis,  Stephen  F. 
Austin  State  Uuiversity,  Nacogdoches,  Texas) . 

of  the  mixture  of  pesticides  sanpled,  Chlordane 
appears  to  predominate.  The  concentrations  of  Chlordane  are 
not  only  highest  at  the  Rosser  station,  but  also  tbe  most 
variable.  The  highest  concentration  of  Chlordane  at  the 
Rosser  station  was  402.47  tncg/kg  and  the  lowest 
concentration  was  9.67  mcg/kg  the  average  concentration  was 
127.02  mcg/kg  sediaents  and  the  standard  ieviation  was 
131.51.  It  appears  that  during  1972,  the  highest  pesticide 
concentrations  are  in  the  fall  and  the  lowest  are  in  late 


spring  and  early  summer.  Unfortunately,  no  data  mas  taken 
for  the  months  of  July  and  August. 

Heptachlor  mas  found  in  55X  of  th  i  samples  taken.  Its 
occurrence  is  possibly  due  tr  chi >rdane  being  present, 
since  Chlordane  has  as  one  of  iti  constituents  Heptachlor. 
Regression  analysis  shorn  that  the  tmo  pesticides  are 
correlated  at  the  99N  confidence  level  (r*0.85).  The  mode 
of  entry  into  the  aquatic  environment  may  be  similar  for 
the  tmo  pesticides.  This  latter  p  »ssibilit.y  is  very 
plausible  mhen  one  considers  that  the  concentration  of 
Chlordane  and  DDB  are  also  correlated  (r-0.96,  *0.05) . 

Three  out  of  eight  samples  at  Hosser  contained 
Lindane,  and  one  of  the  eigtr.  sarples  contained  P.ndrin, 
Dieldrin,  and  Aldrin.  These  pesticides  mere  all  encountered 
on  November  28,  1972.  Collections  at  other  stations  shorn  a 
mide  variety  of  pesticides  during  this  period. 

The  Cayuga  station  shomed  the  highest  concentration  of 
DDl  encountered  (7.34  mcg/kg)  diring  November,  1972,  along 
mith  Aldrin  and  Dieldrin  residues.  The  concentration  of 
Chlordane  and  DOB  decreases  rapidly  as  one  proceeds 
downstream,  mi  the  the  Highmay  85  station  shaming  *  marked 
decrease  in  the  residues  followed  hf  a  moris  gradual 
decrease  and  finally  by  a  slight  increase.  The  reasons  for 
this  are  only  speculative.  It  appears  agricultural  use 

plays  a  significant  role  as  Figure  11-09  mould  indicate. 
Pesticide  residues  carried  domnstream  most  likely  play 
part.  Pesticides  have  a  very  high  affinity  for  soil 
particles  (Bailey  and  White,  1969;  Nicholson,  1969),  a&«3 
Breidenbach  and  Lichtenberg  (1963)  su  jgest  that  rivers  may 
effectively  remove  pesticides  by  siltation.  Nicholson 
(1967)  found  .33  ppm  DDT  in  stream  water  thirty  minutes 
after  the  matershed  had  been  sprayed,  but  tmenty-seven 
hours  later  no  pesticide  could  be  detected.  During  greater 
river  discharge,  the  pesticide-con  raining  silt  and  clays 
could  be  carried  domnstream  and  then  redeposited. 

A  very  interesting  relationship  appears  to  exist 
betmeen  rainfall  and  DDB  concentrations.  Figure  III-10 
shows  the  average  monthly  rainfall  in  the  region  studied  as 
compared  to  average  DDB  concentration  for  each  month.  It 
appears  that  during  months  of  high  rainfall  and  therefore, 
increased  discharge,  the  DDE  laden  sediments  are  scoured 
out.  During  periods  of  decreased  discharge,  these  sediments 
along  mith  nemly  introduced  sediments  could  be  redeposited. 
This  could  account  for  the  increased  J.  yDK  during  periods 
of  lover  rainfall.  It  is  realized  that  this  is  only 


Figure  III-10 

Comparison  of  Total  Monthly  Rainfall  In  Study  A 
Average  Monthly  DDE  Concentration  in  Micrograms 
gram  Sediment  from  January  1972  to  January  1973 
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indirect  evidence  that  such  a  relationship  does  exist. 
Tidwell  and  ncCasland  (1972)  in  their  study  ot  the  Trinity 
River  and  other  Texas  rivers  warn  that  "...many  variables 
exist  in  the  relationship. ...  Additional  variables  would 
include  the  quality  of  the  sample,  the  availability  of  the 
deposited  sediment,  the  time  difference  between  deposition 
and  collection,  and  many  other.**  A  misinterpretation  does 
exist  in  most  casrs  in  a  graph  such  as  this  one.  Part  of 
this  is  due  to  the  way  the  graphs  were  made.  First,  the 
pesticide  average  concentrations  were  placed  in  the  center 
of  the  month  rather  than  relative  to  the  actual  tine  of  the 
month  they  were  taken.  Second,  the  graph  represents  the 
total  average  rainfall  for  the  entire  month.  These  data 
were  derived  by  taking  ten  representative  rainfall  stations 
along  the  river  and  taking  their  average. 

Regardless  of  these  faults,  the  data  appear  to  follow 
the  particular  pattern  previously  described  although  an 
abnormality  exists  in  the  January,  1973  saaples.  This 
anomaly  can  be  improved  when  one  examines  the  precipitation 
patterns  of  the  month  more  closely.  Host  of  the 
precipitation  occurred  in  the  first  and  last  seek  of  the 
month  while  vhe  sample  was  collected  on  the  twelfth. 
Crockett  reported  over  three  inches  of  precipitation  in  the 
first  week  of  January.  This  date  marked  the  beginning  of 
rainfall  lull  that  lasted  nearly  a  week.  This  say  account 
for  the  unusually  high  DDE  concentrations  found  although 
what  relationship,  if  any  is  only  speculative. 

£Jiii2Biaflk42n_aa4_£acUhit2n 

The  results  of  phytoplankton  bioaass  and  phytoplankton 
chlorophyll  analysis  are  given  in  Figures  III-11  and  III-12 
and  Appendicies  111-04  and  III-05.  In  general,  chlorophyll 
analyses  is  correlated  with  phytoplankton  bioaass,  with 
chlorophyll  a  concentrations  appearing  to  better  correlated 
with  phytoplankton  than  the  total  of  chlorophyll  a.  b.  and 
The  phytoplankton  bioaass  ranged  froa  a  low  of  6.1  x  10* 
cells  per  liter  at  Station  1  to  a  high  of  63.3  x  10*  cells 
at  station  3.  A  phytoplankton  "blooa**  is  generally  defined 
as  10*  algal  cells  per  liter. 

The  data  indicate  average  phytoplankton  density 
increases  progressively  froa  Station  1  downstreaa,  raaching 
a  peak  in  average  bioaass  at  Station  4.  The  population 
declines  from  Station  4  downstream  to  Station  8,  and  then 
begins  to  increase  again  at  Stations  9  and  10. 


IfVCR  MILES 


Figure  III-12. 
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The  relatively  low  phytoplankton  population  at  Stations  1 
and  2  are  probably  caused  by  excessive  input  of  organic 
pollution  upstreas.  Hynes  (1971)  points  out  that  in  severe 
organic  pollution  where  de-oxygenation  of  the  water  occurs, 
all  algae  nay  be  eliainated.  However,  if  soae  oxygen 
reaains  iaaediately  below  the  sewage  outfall,  the  algae  are 
first  reduced  in  nuabers  then  increase  downstreaa.  Toxic 
industrial  effluents  released  upstreaa  aay  also  have  an 
iapact  on  the  phytoplankton  density  at  Station  1.  Murphy, 

et _ al,  (1971)  have  identified  toxic  effluents  froa  a 

cheaical  plant,  a  railroad  yard,  and  aetal  etching  plant. 

The  effluent  froa  the  aetal  etching  plant  upstreaa 
froa  Station  1  was  found  to  be  consistently  very  acid  and 
bioassay  studies  showed  the  effluent  to  be  quite  toxic: 
"Direct  discharge  of  the  effluent  into  the  Trinity  River 
would  have  serious  effect  on  all  living  organises." 
(nurphy,  et  al.,  1971) .  Erratic  results  froa  BOD  (eg.  Low 
values)  and  occasionally  with  colifora  analyses  (e.g.  Ho 
colifora  organises)  coupled  with  a  low  average 
phytoplankton  bioaass,  suggest  a  possible  toxic  factor  at 
Station  1. 

In  view  of  the  excessive  input  of  organic  setter  above 
stations  1  and  2,  it  is  reasonable  to  assuse  that  the 
increase  in  phytoplankton  bioaass  downstreaa  froa  these 
stations  was  due  to  the  release  of  nutrient  salts  froa 
bacterial  action  on  organic  natter. 

The  average  phytoplankton  bioaass  value  declines  froa 
Station  4  to  Station  7  above  Lake  Livingston.  Hynes  (1971) 
reports  the  phytoplankton  peak  downstreaa  froa  a  sewage 
outfall  declines  rapidly.  The  reduction  nay  be  due  to 
declining  nutrients,  dilution  as  the  voluae  of  the  river 
increases,  or  because  large  populations  of  algae  are 
inherently  unstable.  Average  nitrate  and  phosphate  values 
do  not  appear  to  be  Halting  between  Stations  4  and  7,  with 
a  nitrate  peak  at  Station  6  and  with  the  average 
orthophosphate  concentration  slightly  increasing  between 
Stations  S  and  7. 

The  decrease  in  phytoplankton  between  Stations  4  and  7 
aay  have  been  due  to  heavy  graxing  pressure  fros 
herbivorous  zooplankton.  Figure  III- 15  indicates  a  sharp 
increase  in  zooplankton  which  graze  on  algae,  beginning  at 
Station  4  and  peaking  at  Station  6.  The  phytoplankton  show 
a  concurrent  decrease,  in  a  classic  preditor-prey 
relationship.  Raysont  (1963),  Bigelow,  Lillick  and  Sears 
(1940)  have  deaonstrated  that  zooplankton  grazers  can,  very 
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extensively  *nd  very  rap  dly.  reduce  a  phytoplankton  crop, 
despite  tremendous  algal  production.  Clark  (1939)  with 
reference  to  phytoplankton  production,  stated:  "Cope pods  in 
tact  regulate  the  plant  production." 

The  reduced  phytoplankton  bioaass  at  Station  8  aay  be 
due  to  reduced  nitrogen  and  phosphorus  or  possibly  to  the 
velocity  of  the  water.  Station  8  is  approximately  5  ai les 
below  the  daa  at  Lake  Livingston  and  was  often 

characterized  by  high  flow  rates  because  of  water  released 
at  the  daa.  Williams  (1964),  on  the  basis  of  a  five  year 
study,  has  shown  that  heavy  stream  flow  is  a  prise  factor 
in  controlling  phytoplankton  production.  Galstaff  (1924), 
Rzoska,  et  al.  (1955),  and  Cushing  (1964)  have  observed  the 
effects  “of  dams  and  turbulent  areas  in  reducing  plankton 
populations.  Although  the  nutrients  do  not  rise 

substantially  at  Station  30,  a  significant  rise  in  average 

phytoplankton  bioaass  was  observed,  as  revealed  by  cell 
counts  and  by  chlorophyll  analyses.  It  sight  also  be 
pointed  out  that  a  concurrent  rise  in  zooplankton  numbers 
also  occurred.  The  increase  in  phytoplankton  aay  be  related 
to  reduced  flow,  which  is  characteristic  of  that  portion  of 
the  river.  Hartman  (196!>)  reports  the  development  of  higher 
concentrations  of  phytoplankton  in  the  Ohio  River  is  partly 
dependent  on  slow  to  aorerate  rates  of  flow. 

The  phytoplankton  community  structure  from  Station  1 

through  7  is  that  generally  associated  with  waters  polluted 
with  sewage.  At  Stations  1  through  7,  the  phytoplankton 
community  was  typically  dominated  during  the  study  period 
by  members  ot  the  Division  Chlorophyta,  with  the  genera 

Chlgpella. Lcen  edegaus . Chlaray doaonas.  and  Hlctactjniua 

being  nost  common.  The  genera  Euglena  and  Phacus.  aeabers 
of  the  Division  Euglenophy ta ,  are  also  common  froa  Stations 
1  through  /,  with  the  diatom  species  (I ivision  Chrysophtya) 

HiZMZiUti _ EBlSa* _ _ cjjrpto.  eehaUa _ SgBBh23gia 

angustatum  and  Goaphoneaa  pacvulup  aisr  being  coaaon. 

Palmer  (1969)  evaluated  tje  a  gas  listed  by  110 
workers  as  being  tolerant  to  organic  enrichment  and  sewage. 
The  most  tolerant  genera  were  ffualena.  Oscillatoria , 

Chlamydoaonas, _ scenedesmus. _ Chlorella.  and  Hitzscbia.  The 

aost  tolerant  species  were  Euglena  viridis.  litzschia 

galeax _ Siia®2£l2Biai _ tenne  and  Oscillatoria  tenius. 

Generally  ChJ.otej.la,  (^aaydoponas  and  Sceoadesaus  are  very 
coaaon  in  sewage  oxidation  ponds. 

The  hiqh  aaaonia  levels  characteristic  in  the  liver 
near  the  DalJas-Fott  Worth  area,  probably  select  for 
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Plate  Itl-OI.  Representative  phytoplankton  collected  i 
the  Trinity  River,  Texas 

1.  Coccono i s  sp. 

2 .  Mi c  r actini um  s p . 

3 .  Gomphonema  angus tatum 
4  .  Pediastrum  sip  . 

5 .  Surire 1  la  line  a ris 

6 .  Cyclotel la  meneghiniana 

7 .  Syned  ra  ulna 

8 .  Melosira  granulata 

9 .  Scenedesmus  acaminatus 

1 0 .  Phacus  lonqicauda 

1 1 .  Nitzschia  palea 

1 2 .  Diplonein  smi thi i 

1 3 .  Navicula  cryptocepha  La 

14.  Cymbe  11a  vent  rii  osa 
1  ^  •  Gyros  i  gma  s  i ) . 

1 6 .  Ni tzschia  a c i c u 1 aris 

17 .  Gomphonema  parvulum 
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Chlqrella.  which  is  doainant  in  nany  of  the  stations  above 
Lake  Livingston.  Preferential  uptake  of  aeeonla  by 
Chigrejla  species  is  quite  well  established  (Ludwig,  1938; 
Pratt  and  Fong,  1940;  Schuler,  Oilier,  and  Kerslen,  1953; 
Syrett,  1962) .  According  to  King  (1970)  CO  levels  in  the 
water  aay  influence  the  presence  of  the  genus 
Chlasy4oEQhasfl  an  alga  also  conon  in  aany  of  the  stations 
above  Lake  Livingston. 

Williams  (1964)  lists  seven  genera  that  are  the  sost 
important  genera  in  the  aajor  rivers  of  the  United  States 

as :  Cyclotella . _ st;ephanq>di  scus, _ Synedra. _ Helosira, 

Hitzschia. _ Scenedesaus,  and  Chlaaydoaonas.  In  the  sane 

publication,  Willlaas  points  out  that  Mitzschia. 
Scenedesaus  and  Chlaaydoaonas  become  seasonally  iaportaat 
in  late  summer  and  fall. 

Hartman  (1965)  in  a  study  of  a  eutrophic  region  of  the 
upper  Ohio  River,  found  the  genera  Chlaaydoaonas. 

A nki strodesaus , _ scenedesaus. _ Pediastrua.  Hicratiniua. 

C£uc i^enia  and  Dictvosphaeriua  were  doainant. 

The  green  filamentous  alga  Cladophora  was  frequently 
found  in  abundance  attached  to  subaerged  stones  and  wood 
surfaces  froa  Stations  1  through  7.  Blua  (1956)  reports 
this  species  to  be  associated  with  organic  pollution. 

The  phytoplankton  coaaunity  structure  is  influenced  by 
water  quality.  The  centric  diatoas  appear,  in  this  study, 
to  reflect  the  degree  of  recovery  of  water  quality.  The 
Division  Chlorphyta  doainates  the  phytoplankton  coaaunity 
froa  Stations  1  through  7  and  pinnate  diatoas  are  the  aost 
common  type  of  diatoa.  However,  as  water  quality  improves 
at  Stations  6  and  7  the  centric  diatoas  become  frequent.  At 
Stations  8,  9,  and  10,  the  diatoas  dominate  the 
phytoplankton  community,  with  the  centric  diatoas  aore 
coaaon  than  the  pinnate  forms.  Stations  8,  9,  and  10  all 
reflect  relatively  high  water  quality.  The  aost  coaaon 
centric  diatom  species  found  in  this  region  of  the  river 
vere  Mglosi£a_distdnsA_fle losi£a _ attauiata  and  Cvclotella 

alassEtiaa. 


A  checklist,  including  the  relative  abundance  of 
periphyton  diatoas  nay  be  found  in  Appendix  III-06. 
GQBpfronena  parvulm»  and  Nitzschia  palea  were  generally  the 
dominant  species  of  diatoa  collected  in  periphyton  saaples 
froa  stations  1  through  7,  and  probably  reflect  the  high 
degree  of  organic  enrichment  downstream  froa  the  Dallas- 
Fort  Worth  area.  Weber  and  Raschke  (1970)  found  that 


Goaphoneua _ paryulum  and  Mit^schia _ galea  indicated  high 

levels  of  dissolved  organics  (high  organic  pollution) . 
Butcher  (1947)  and  Fjerdinstad  (1964)  b-Uh  report  the  two 
diatoms  to  be  associated  with  polluted  waters.  Hornung 

(1959)  reports  Gomphonema _ angustatu*.  also  present  in 

periphyton  collections  of  this  study,  to  be  present  in 
highly  polluted  waters.  Kolkwitz  (1950)  and  Liebnan  (1951) 

have  associated  Nitzschia _ pa^ea  with  the  alpha- neso- 

saprobic  zone  ot  a  polluted  streaa.  Hynes  (1971)  also 
reported  Goaphoneaa  parvulun  and  qltflschia  palea  as  being 
characteristic  of  waters  with  high  organic  pollution. 

below  Lake  Livingston,  Cvclotella _ aeneghini ana , 

HeJ-osira  qranulata,  and  Havicula  rhvncocepbala  were 
generally  the  doainant  species  in  periphyton  collections  at 
Stations  8,  9,  and  10  respectively.  Belosira  and  Cvclotella 
are  reported  by  Palaer  (1969)  to  be  genera  that  indicate 
low  organic  enrichhent.  The  frequent  doainance  of  Ift2i££la 
chyqoogepfrala  at  Station  10  aay  reflect  the  variable 
chloride  levels  in  the  water.  Both  the  brackish  water  froa 
Trinity  Bay  and  the  salt  water  effluents  froa  Texas  Gulf 
Sulphur  contribute  to  the  relatively  high  average  chloride 
concentration  ot  131  ppa  at  Station  10.  Patrick  (1966) 
reports  that  Mavicula  r hynchocephala  appears  to  prefer,  or 
is  tolerant  to,  high  concentrations  of  chloride.  Diploneis 
saithii,.  found  to  be  frequent  at  Station  10,  is  indicative 
also  of  high  chloride  concentrations  in  freshwater, 
according  to  Killians  (1964) . 

Periphyton  Species  Diversity  Index  Values 

The  results  of  species  diversity  index  analysis  are 
given  in  Table  III-07.  The  paucity  of  the  data  was  caused 
by  frequent  and  prolonged  flood  conditions  in  the  study 
area,  which  usually  resulted  in  the  loss  of  the  periphyton 
sampler.  Diversity  Index  values  ranged  froa  a  low  of  0.5  at 


Station  2  to  a  high  of 
interpretation  of  the  diversity  i 
the  work  of  Kilha  and  Dorris 
diversity  values  of  less  than  1.0 
values  of  1.0  to  3.0  indicat 
values  greater  than  3.0  indicate 
Index  values  froa  Station  1  to  St 
as  a  heavily  polluted  region  of  t 
Station  3  averaging  1.3,  interpr 
and  would  suggest  that  recovery  o 
this  region.  This  interpretati 
extreae  caution  because  of  the  pa 


3.2  at  Station  10.  The 
ndex  values  are  based  on 
(1968)  who  suggested  that 
indicate  heavy  pollution, 
e  aoderate  pollution,  and 
clean  water.  Diversity 
ttion  2  aay  be  interpreted 
ae  river,  with  values  at 
ated  as  aoderate  poll ution 
f  water  quality  begir  s  in 
an  should  be  aade  with 
jcity  of  data,  and  in  view 
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of  the  fact  that  two  of  the  higher  index  values  at  Station 
3  were  obtained  during  winter  eonths  in  big's  water 
conditions.  A  Diversity  Index  value  of  0.9  tor  station  3 
was  obtained  in  October  during  sore  "nornal*  discharge 
conditions.  Periphyton  diversity  index  values  in  §-bi&  study 
show  an  ieprovesent  in  water  guality  at  station  K ,  with  an 
average  of  2.0f  reflecting  soderate  pollution.  McCullough 
(1972)  obtained  a  diversity  index  range  f row  0.8  tc  2.2  at 
Station  4  with  an  average  value  of  1.5,  indicating  Moderate 
pollution.  Although  soae  inpact  fro.-:  the  HlfflS;,  Inc. 
Effluent  was  detected  in  the  Tennessee  colony  Study 
(HcCullough,  1972)  no  detectable  inpact  in  this  study  could 
be  discerned.  Benthic  sacroinvertebrates  shew  an  average 
diversity  index  value  of  0.8087  at  station  4,  which  aould 
be  interpreted  as  heavy  pollution,  bet  this  an 

inprovenent  over  the  upstrean  Station  3  vhiedi versify  ia<!er 
values  at  Stations  5  through  7  reflect  noderate  pc-il  fciiot>  a 
had  an  average  benthic  aacrointertebx&io  diversity  of 
0.J367.  Periphyton  and  no  significant  l«p;.et 
discerned  fros  the  confluence  of  r,h*  tfriwicy  wi-th 

Richland,  Chaabeis,  and  Tehauacana  cr-etc. 

Below  Lake  Livingston  diversity  values  art  variable 
ranging  from  1.9,  noderate  pollution,  to  3.2  i&cicating 
clean  water.  Station  10  which  is  subject  to  iha  : xiluen c<& 
of  industrial  effluents  and  salt  water  intrusion  does  not 
reflect  this  in  diversity  index  values.  So  significant 
difference  in  values  could  be  seen  comparing  the  G£s-+.r©aia 
and  downstreaa  diversity  at  Station  10.  Because  saltuarc. 
has  a  density  greater  than  fresh  water,  the  effect  of  sw¬ 
eater  intrusion  nay  be  greatest  on  the  bwntk,: 
sacroinvertebrate  coanunity,  with  an  average  indei'  value  ox 
1.4988  at  Station  10. 

££iia£X.££2lMcUvit£ 

Results  of  gross  prinary  productivity  deterainations 
at  the  study  sites  are  given  in  Table  111-08,  and  range 
fros  a  low  349  agC/a*/day  at  station  2  to  a  high  of  10,  29 2 
agC/a*/day  at  Station  7.  The  aean  productivity  values  are 
given  in  Figure  IZI-13,  and  reflect  a  low  of  1323 
agC/a*/day  at  station  10,  while  Station  7  produced  a  high 
average  of  7511  sgC/a*/day.  The  average  prinary  production 
rate  at  the  study  sites  below  Lake  Livingston  were  all 
below  2000  sgC/s*/day,  while  only  Station  1  above  Lake 
Livingston  produced  an  average  below  2000  ngC/n*/day. 
Stations  3,  5,  and  7  were  all  above  a»  average  of  3  0Qf> 
agC/nVday  with  Station  7  producing  the  highest  average 
rate. 
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Table  III- OB .  Sob<?  primary  production  rates  at  study  sites  on  the 
Trinity  Ri»er  fro*  September  1972  through  April  1973 
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studies  of  the  rate  of  primary  production  are  not  as  coaaon 
in  lotic  waters  as  in  lentic  water,  A  coaparison  of  the 
range  in  productivity  rates  for  the  Trinity  River  are  aade 
with  other  river  studies  (Table  III-Q9) .  The  Trinity  River 
values  are  comparable  to  the  rates  for  other  polluted 
rivers  such  as  the  values  reported  for  the  White  River, 
Indiana;  River  Lark,  England;  and  the  Ohio  Rive'r.  It  aight 
be  pointed  out  that  the  Trinity  River  values  were 
deterained  during  tall,  winter,  and  spring  months  while  the 
high  values  obtained  in  coaparable  river  studies  were  aade 
in  summer  aonths.  It  is  the  opinion  of  this  writer  that  the 
Trinity  River  primary  production  rates  would  far  exceed 
those  values  reported  for  other  rivers  had  aost  of  the 
determinations  been  done  in  the  suaaer  aonths. 

The  low  average  primary  productivity  rates  at  Station 
1  and  2  are  probably  due  to  reduced  phytoplankton  bioaass 
caused  by  heavy  domestic  sewage  discharge  upstreaa  of  these 
stations.  Stations  3  through  7  appear  to  be  the  aost 
productive  region  of  the  river,  probably  due  to  the 
downstream  release  of  nutrient  salts  (e.g.,  MO,  -  PO* )  froa 
organic  natter  and  the  stimulating  effect  this  usually  has 
on  phytoplankton  growth.  However,  the  correlation  between 
phytoplankton  bioaass  and  productivity  has  sone 
discrepancies.  The  highest  average  primary  production  rate 
was  recorded  for  Station  7  however  the  highest  average 
phytoplankton  bioaass  occurred  at  Station  4.  Station  10 
produced  a  relatively  high  phytoplankton  bioaass,  but  the 
average  production  rate  did  not  increase  proportionately  at 
that  station. 

Many  variables  affect  primary  production  rates,  such 
as  highly  variable  raeterological  conditions  on  days  when 
productivity  data  was  collected,  turbidity,  nutrients, 
river  flow,  and  many  other  factors.  The  cause  of  variations 
in  productivity  rates  in  this  study  would,  therefore,  be 
difficult  to  deteraine. 

Strickland  (1965)  reports  there  may  be  wide 
discrepancies  between  phytoplankton  bioaass  and  primary 
production  rates.  A  large  standing  crop  of  algae  aay  be 
photosynthesizing  at  a  relatively  low  rate,  or  a  low 
standing  crop  aay  display  vigorous  growth  characteristics 
and  a  high  rate  of  production  (Verduin,  1956)  . 

Vollenweider  (1969)  reports  the  P/B  ratio,  or 
Production/Bioaass  used  by  aany  Russian  authors,  aay  vary 
froa  zero  (a  completely  inactive  population)  to  soae  upper 
liait  which  is  deterained  by  inherent  properties  of  the 
organisa. 
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Another  factor  which  way  bear  upon  the 
Product ion/Bioaass  discrepancy  is  the  photo-heterotrophic 
activity  of  soie  algal  species.  Stations  1  through  7  were 
generally  characterized  by  an  abundance  of  Chlotella  and 
Cfrj.any<loBonas«  Parker  (19  71)  has  shown  that  Ch^orella 

vqlgapis  and  Chlaaydoionas _ euqaagtos  aay  function  as 

heterotrophs  or  photo-heterotrophs  in  nature.  Therefore,  it 
is  conceivable  that  a  high  phytoplankton  bioaass  sight 
exist  Mostly  as  a  heterotrophic  population  using  organic 
Matter  in  the  water  as  an  energy  source  and  carrying  on 
little  photosynthesis. 

Available  carbon  aay  have  also  been  significant  in 
affecting  the  variations  in  production  rates.  King  (1970) 
has  suggested  recently  that  carbon  rather  than  phosphorus 
or  nitrogen  is  the  chief  liniting  nutrient  in  the 
production  of  algae.  Bacterial  oxidation  of  organic  aatter 
will  produce  C02  which  the  algae  could  use  in  the  synthesis 
of  organic  aatter.  Burlew  (1953)  has  shown  in  culture 
studies  co,  enrichaent  stiaulates  productivity  of  algae. 
King  (1970)  has  also  shown  that  in  waste  oxidation  ponds, 
the  doninance  of  Chloyella  and  chl^aydoaonas  can  be 
predicted  by  CO,  levels,  so  that  CO,  aay  also  be  iaportant 
in  regulating  the  phytoplankton  coanunity  structure. 

Production  rates  in  this  study  are  probably  Halted  by 
color.  The  FHPCA  (1968)  reports  that  color  in  excess  of  50 
units  aay  liait  photosynthesis  and  have  a  deleterious 
effect  on  aquatic  life,  particularly  phytoplankton  and 
benthic  organises.  Average  color  values  exceeded  50  units 
at  all  stations  with  peaks  at  Stations  f<  and  7.  Turbidity 
also  liaits  priaary  production  above  Lake  Livingston.  FHPCi 
(1968)  recoaaends  that  wara  water  str ?aas  not  exceed  50 
JTU.  Values  in  excess  of  50  JTU  in  warn  water  streaas 
affect  phytoplankton  photosynthesis,  fish  production  and 
benthic  production.  All  stations  above  Lake  Livingston 
exceeded  50  JTU,  with  only  Station  8  and  9  averaging 
turbidity  below  50  JTU.  FWPCA  (1968)  points  out  that 
effective  photosynthetic  production  of  oxygen  requires  a 
ainiaua  of  10X  of  the  incident  light.  Secchi  disc 
transparency,  which  usually  represents  the  depth  at  which 
5X  of  the  incident  light  penetrates,  was  coaaonly  only  one 
foot  or  less  at  stations  above  Lake  Livingston,  thus 
reflecting  a  very  reduced  euphotic  zone. 

B§nt&i£_Analx§i§ 

Interaittant  pollution,  soaetiaes  net  discernable  by 
periodic  cheaical  and  physical  tests,  aay  have  a 
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significant  effect  on  fresh- vat^r  organisms.  Extreme 
conditions  may  he  much  riore  important  to  the  aquatic 
community  than  average  chemical  and  physical  values. 
Oecause  of  this,  the  benthic  community  is  very  useful  in 
monitoring  environmental  conditions.  These  organisms  are 
relatively  immobile,  and  have  prolonged  aquatic  stages 
which  allow  a  complex  community  structure  to  develop.  In 
general,  organisms  are  much  more  sensitive  to  changes  in 
their  environment  than  are  chemical  tests,  thus  they  may 
react  strongly  to  very  small  concentrations  of  pollutants. 
A  periodic  release  of  a  toxic  substance  perhaps  impossible 
to  find  by  periodic  analysis,  may  have  an  impact  on  the 
benthic  community  long  a:  ter  it  has  been  carried 
downstream.  Wilhm  and  Dorris  (1968)  have  developed  a  very 
valuable  technique  in  assessing  environmental  changes  by 
analyzing  changes  in  diversity  in  the  benthic  community. 
The  diversity  of  the  community  is  determined  using  the 
equation : 

s 

d  =  -£  (n.  /n)  log  (n.  /u) 

1  i  2i 

where  (d)  is  the  diversity  index,  (n.  )  are  the  number  of 
individuals  in  all  species  in  the  sample.  Goodnight  (1973) 
has  interpreted  diversity  index  values  in  benthic  studies 
and  states" . . .that  values  of  diversity  index  less  than  1 
are  indicative  of  heavy  pollution,  values  from  1  to  3 
indicate  moderate  pollution,  and  values  above  3  are  found 
in  clean  water  areas." 

A  list  of  organisms  collected  in  the  benthic  study 
with  numbers  and  percent  composition  of  the  sample  are 
given  in  Appendix  III-Q7.  The  results  o?  species  diversity 
analysis  for  each  benthic  sample  taken  from  the  Trinity 
River  are  given  in  Table  HI-10  and  Pigure  III-14  is  a 
graph  of  the  average  diversity  index  figures  by  station. 

With  reference  to  the  interpretation  of  diversity 
index  values  by  Goodnight  (1973),  the  average  index  implies 
a  h:.gh  degree  of  pollution  from  Station  1  through  4  and  the 
remainder  of  the  stations  reflect  noderately  polluted 
waters.  As  a  general  trend,  the  diversity  index  increases 
downstream  through  Station  8.  The  exception  to  this 
progression.  Station  2,  is  seen  to  have  a  relatively  high 
figure  for  the  October  sample.  Thit  figure  is  probably 
explained  by  the  number  of  different  species  of  gastropods, 
some  of  which  appear  to  be  pulmonate  or  laud  snails  washed 
into  the  river.  The  index  figures  for  Kst  stations  appear 
to  be  rather  stable  with  the  exception  of  Stations  4  aDd  5, 
considered  by  this  researcher  to  be  "recovery"  stations. 
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therefore  easily  influenced  by  the  type  and  amount  of 
pollution  fron  upstream,  flood  conditions,  flow  rate,  and 
other  such  physical  and  chemical  factors.  Also,  there  is 
the  above-mentioned  deviation  in  Station  2,  and  an 
unexplained  low  figure  for  March  at  Station  10,  where  the 
community  structure  resembled  that  of  the  highly  polluted 
Stations  1  through  3.  The  low  value  for  Station  10  could 
have  been  caused  by  salt  water  intrusion,  toxic  industrial 
effluents,  high  water  flow,  seasonal  effects  or  other 
factors.  An  average  diversity  value  calculated  without  the 
March  index  is  given  in  parenthesis  in  Table  III-15. 

In  the  analysis  of  the  benthic  community  structure, 
notice  was  taken  of  the  presence  or  absence  of  well-known 
species  indicative  of  certain  levels  of  water  guality.  At 
"highly  polluted"  Stations  1  through  3,  bottom  samples 
generally  consisted  of  a  layer  of  decaying  detritus  (in 
some  cases  evidence  of  untreated  sewage)  over  thick  black 
"sludge".  With  few  exceptions,  pollution- tolerant  groups 
are  the  only  species  present  (Tubif icidae,  Chir onomidae, 
pulaonate  gastropods) .  At  these  stations  the  diversity 
index  values  are  consistently  low.  Dse  of  the  suggested 
method  of  comparison  of  relative  percentage  of  oligochaetes 
to  total  biota  (Goodnight,  1973)  is  guite  revealing  in  the 
river,  particularly  at  Stations  1  through  3.  Goodnight 
(1973)  concluded  that  80%  or  more  oligochaetes  indicated  a 
high  degree  of  organic  or  industrial  pollution,  60-80* 
constituted  doubtful  conditions  and  below  60*  indicated 
good  water  conditions,  with  only  two  exceptions,  the 
percentage  of  tubiticids  present  at  Stations  1  through  3 
were  above  80*.  Of  the  two  exceptions  (between  60*  and  80*) 
one  was  in  the  presence  of  large  numbers  of  other  pollution 
indicators  and  one  was  in  the  case  of  one  sample  with  a  low 
total  number  of  organisms. 

At  "recovery  stations"  4  and  5,  clay  and  rocks  or 
small  pebbles  prevailed  in  the  bottom  samples.  In  addition 
to  the  species  at  the  above  three  stations,  leeches, 
sometimes  listed  by  authors  as  being  associated  with 
pollution  tolerant  organisms,  were  collected.  The  only 
clean  water  organism  added  to  the  species  List  fron 
Stations  4  and  5,  is  the  caddis  fly  larva  of  tie  insect 
order  Trichoptera.  Gaufin  (1956)  mentions  that  gill 
breathing  insects,  such  as  caddis  flies,  in  a  stream 
indicates  high  water  guality.  The  numbers  of  tubificid 
worms  and  chirononid  larvae  (indicators  of  pollution)  are 
generally  lower,  creating  a  slightly  higher  species 
diversity.  Percentage  of  oligochaetes  rose  above  80*  only 
twice  and  above  60*  only  once. 
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Stations  6  and  7  reflected  still  higher  average 
diversity  index  figures  indicating  more  extensive  recovery. 
The  soil  type  at  these  stations  was  usually  clay  and/or 
fine  sand.  There  appeared  in  this  area  such  clean- water 
focus  as  gill-breathing  molluscs,  g i 11- biea thing  insect 
larvae  (Hcxaqenia  sp.  ;  Trichopt  era ;  Odor,  at  a;  both  Zygoptera 
and  Anisoptera)  ,  and  decapod  Crustacea,  l'ubificid  worms  and 
chironomid  larvae  declined  to  some  of  their  lowest  numbers, 
and  occurrences  were  recorded  here  of  aiaphipods  and  of  the 
fresh-water  endoproct  Urnatella  gracilis  Leidy.  Percentage 
of  olxgochaetes  was  usually  very  low,  only  twice  rising 
above  60%  at  Station  6.  Members  of  the  Unionidae  (fresh¬ 
water  clams)  were  frequently  found  at  stations  6  and  7. 
Goodnight  (1973)  reports  that  the  unionidae  are  not  found 
in  polluted  streams;  thus  their  presence  indicates 
favorable  conditions. 

Station  8  would,  by  species  listings  and  diversity 
index  figures,  be  included  with  Station  7  as  the  least 
polluted  portion  of  the  river.  All  of  the  stations 
downstream  from  Lake  Livingston  reflect  ••moderate 
pollution"  conditions  with  values  between  1.0  and  3.0. 
However,  the  benthic  community  diversity  probably  does  not 
reflect  the  much  improved  water  quality,  especially  at 
Stations  8  and  9.  In  the  opinion  of  this  writer,  the  index 
values  are  unusually  low  for  the  quality  of  water  in  this 
region  of  the  river.  Station  8  average  diversity  was  2.74, 
highest  average  for  the  river,  out  the  station  was  very 
inconsistent  in  species  <  ^imposition  and  density  of 
organisms.  The  greatest  number  of  species  were  found  at 
Station  8,  but  this  was  oi ly  one  collection.  On  two 
occasions,  repeated  Ekman  dred'  e  samples  yielded  no  visable 
organisms.  In  the  one  sample  in  which  oligochaetes  were 
reported,  the  percentage  was  low.  The  inconsistency  is 
probably  caused  by  a  rather  unstable  substrate  of  mos  tly 
shifting  sand  and  a  highly  variable  rate  of  flow,  station  8 
is  located  below  the  dam  of  Lake  Livingston  and  is  subject 
to  flow  conditions  ranging  from  no  flow  up  to  as  muc  >  as 
49,000  CFS  during  one  period  of  this  study.  Also,  the 
ranges  in  temperature  of  the  water  varied,  dependin j  on 
whether  water  was  being  released.  The  samples  vhich 
pcoduced  the  greatest  number  ot  species  were  taken  during 
eirly  winter  when  there  had  b<  en  a  long  period  of  moderate 
flow  in  the  river.  Low  yield  c.  mo  during,  or  just  after, 
major  water  releases.  Blanz  et_alix  (1969)  reported  that 
water  released  from  Beaver  Dam  in  Arkansas  had  an  adverse 
effect  on  the  development  of  t>  a  benthic  community  due  to  a 
turbulent  substrate.  Neel  (  963)  found  a  more  stable 
substrate  in  natural  streams  permitted  a  wider  variety  of 
organisms. 
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Plate  Itl-02.  Representative  benthic  organisms  collected 
in  the  Trinity  River,  Texas 

1.  Pol/chaete  -  collected  at  Station  10 

2.  Tubificid  worm  (Annelida?  Tubificidae) 

3.  Mayfly  nymph  (Ephemeroptera ?  Hexnqenia  sp.) 

4.  Caddisfly  larva  (Trichoptera) 

5.  Midge  larva  (Diptera;  Tendipididae-Chironomidae) 

6.  Biting  midge  larva  (Diptera;  Ceratopogonidae) 
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Plate  ITI-03-  Representative  bcittli.i<  organisms  roJiected 
in  the  Trinity  River,  Texas 


1 .  Amphipeda 

2.  Dragonfly  nymph  (Odonata;  Anisopiora;  Gomphus  sp. ) 

3.  Fresh-water  entoproct,  Ur nate 1 la  gracilis  Leidy 
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The  benthic  community  diversity  seems  low  at  Station 
9,  compared  with  the  water  quality  data  in  that  porion  of 
the  river.  Again  the  bottom  is  mostly  shifting  sand  and  the 
flow  is  usually  rapid.  The  diversity  index  values  remained 
relatively  constant  with  an  average  of  1.63.  Species 
composition  at  Station  9  remained  largely  clean-water 
forms,  with  the  exception  of  the  October  sample  in  which 
there  was  a  puzzling  combination  of  the  largest  number  of 
individuals  of  the  genus  nexagenia^  an  indicator  of  high 
water  quality,  with  the  largest  number  and  percentage  of 
tubificids  which  rose  to  above  60%. 

With  an  average  of  1.49,  Station  10  had  c.he  lowest 
average  benthic  community  diversity  of  the  stations  below 
Lake  Livingston.  The  depth  of  the  water  is  up  to  7  meters 
and  the  bottom  is  fine  black  clay  with  detritus.  The 
benthic  community  is  exposed  to  industrial  effluents  from  a 
plant  adjacent  to  this  station,  which  consists  mostly  of 
salt  water  and  sulfate,  and  the  community  is  exposed  to  a 
salt  water  "wedge"  due  to  tide  activity  at  Trinity  Bay. 
Station  10  was  very  inconsistent  with  respect  to  numbers  of 
individuals  in  each  sample,  ranging  from  no  organisms 
present  in  one  sample  to  very  profuse  populations  in  other 
samples.  Between  these  extremes  are  many  combinations  of 
clean  water  organisms  and  pollution-indicator  organisms,  of 
fresh-water  organisms  and  marine  organisms.  The  percentage 
of  tubificids  rose  once  above  B0%  of  the  organisms 
collected  in  one  sample. 

At  Station  10  some  sporadic  but  very  significant 
collections  were  made  of  apparently  marine  or  estuarine 
species  of  two  different  phyla,  these  being  at  least  two 
species  of  polychaete  worms  and  an  amphipod  not  included  in 
available  fresh-water  keys,  but  closely  resembling  members 
of  the  marine  family  Corophiidae  having  greatly  enlarged 
second  antennae.  Also,  an  annelid  was  twice  collected  at 
Station  9  which  is  tentatively  identified  as  the 

oligochaete  Branchi u ra _ sowe rb^i  Bedd ,  because  of 

distinctive  pairs  of  gills  on  approximately  the  last  forty 
segments . 

Zoopla nk ton  Analysis 

There  has  long  been  a  controversy  over  whether  rivers 
support  a  true  plankton  community.  It  has  been  strongly 
suggested  that  plankton  originate  in  tributaries  or  in 
quiet  lays  and  side  arms  and  are  washed  into  the  river  at 
periods  of  high  water.  After  an  initial  rise  in  plankton  in 
the  river  due  to  this  flush-out,  the  composition  and 


<*  111-04.  Representative  -/oopl  ank  ion  collected  in 

l  ho  Trinity  kivor,  Trx.is 


Harpact  icoid  copopod 
Cladocera  (Dosmi na  sp.) 
Cyclopoid  copapodid 
Rotifer  (Bran chi onidae) 
Rotifer  (Keratel la  sp.) 
Testacoan,  (Arcella  sp. 
Cyclopoid  oopepod 


nu  a  be  its  are  supposedly  changed  by  solve  t  i  v«  elimination  of 
standing-water  .species  and  b/  ciJ  iitirn- .  These  changes  aay 
leave  some  true  \  lank t  on  species  ?.  long  with  sooe  strays 
from  other  habitats  in  an  in  her*,  fitly  unstable  community 
subject  to  constant  change  (Hynes,  197(). 

A  list  of  zooplankton  or  ^anir.as  collected  and  their 
abundance  is  given  in  Appendix  Iir-08.  According  to  Jl/nes 
(1911),  river  zooplankton  typically  includes  the  Frotozoa 
A£ceila  and  Dif f l.ucio_,  with  ciliated  in  large  numbers  in 
polluted  waters.  In  this  s»cdv,  Arc&lia  vas  numerous  in  the 
upper  end  of  the  Trinity  Diver  and  D j. If luuia  in  the  lover 
end.  Ci  Hates,  as  well  as  flagella  ten,  roae  amoebae,  and 
sooe  suetorians,  ware  numerous  in  tho  river,  particularlv 
at  Stations  1  and  2,  but  wore  rarely  counted  because  of  the 
necessity  for  preservation  oi  thi  samples  veil  in  advance 
of  counting.  Hynes  (1971)  states  that,  in  contrast  to  the 
condition  of  lakes,  the  zooplankton  in  rivers  is  dominated 
by  planktonic  rotifers,  and  the  Crustacea  ato  not  numerous 
and  are  relatively  unirpor&ant ,  usuelly  species  of  Cyclops 
and  Bosaipa.  Reference  to  the  relative  abundance  of 
rotifers  end  crustacea  in  Figure  TIT- IS  shows  that  the 
above  statement  generally  holds  true  in  the  Trinity  River, 
with  Crustacea  rising  to  importance  only  at  Station  7  and 
below  Lake  Livingston  ft  Station  f>.  Direct  flow  of  water 
from  the  J  ake  environment  ru  y  contribute  to  the  crustacea 
dominance  at  station  8.  Doni riant  rotifers  were  several 
members  of  the  family  Braac hioniduo  a;id  "Ke.c? tolla-like" 
species,  a  counting  category  which  included  Ker^tella  spp. 
And  occasional  individuals  of  the  genu- a  SgUA£gJLUa  *nd 
Mot holca^  other  rotifers  counted  from  surplus  were  Filinia , 
Lecane,  ijonostyla,  (’hj.igdina  a  nd  Rotff ia  . 

The  planktonic  crustacea  sore  primarily  Copepoda  and 
Cladocara.  The  Cl adorer  a  w«ro  usually  dominated  by  the 
genus  Bounina  with  qojaa, _Sj mpcppbal js t  PlegEPijs  .  stcaatiis 

Schodler  1863,  Chydopus _ s  :jaer  j^o  s  fO.F.  Hu  Her)  1785, 

Dag]inia  and  Along  gut  tata  Sues  1867  ,  being  less  common.  The 
cyclopoid  copepods  included  Tro?>c  cyclops  prasipus  Fischer 
1860,  CycJ  op;.  spp.,  Hesocyclop.*  odax  (Forbes)  1891. 
Calanoid  copepods  and  two  species  of.  harpactacoid  copepods 
were  also  found. 

Average  diversify  index  (d)  figures  for  zooplankton 
(Table  III- 11  and  Figure  III- 16)  seem  rattier  erratic. 
However,  if  one  takes  into  account  the  fact  that  the  lower 
figure  at  Station  6  is  probably  due  to  the  extremely  high 
rotifer  count  in  September  and  October,  an  upward  trend 
would  otherwise  be  seen  through  Station  7  (indicating  a 
less  polluted  aquatic  condition) .  The  lower  diversity  at 
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Station  8  was  probably  due  to  the  stress  on  the  zooplankton 
in  changing  froa  a  lentic  to  a  lotic  situation. 

Zooplankton  diversity  rose  at  station  9,  but  fell 
again  at  Station  10.  Even  though  the  average  total  number 
of  zooplankton  rose  at  Station  10,  the  nunber  of  species 
became  reduced,  possibly  being  influenced  by  special 
conditions  present  at  the  mouth  of  tno  Trinity  River  such 
as  reduced  flow  rate  and  salt  water  intrusion. 

At  the  "highly  polluted"  stations  1  through  3,  it  is 
apparent  from  Figure  III- 15  that  auch  of  the  zooplankton 
population  is  made  up  of  nonher bivorous  species  of 
protozoa.  Where  organic  pollution  is  severe  and  bacteria 
populations  are  high,  Hynes  (1971)  reports  that  bacteria- 
eating  protozoa,  particularly  the  ciliates,  dominate  as 
opposed  to  the  aigae-eating  genera. 

At  Stations  4  and  5,  considered  in  this  study  to  be 
"recovery"  stations,  total  zooplankton  population  and 
herbivore  population  rose  siaultaneously ,  with  the  rise  in 
herbivores  due  mainly  to  increased  numbers  of  rotifers 
(Figure  III-15).  Aigae-eating  genera  of  protozoa,  3uch  as 
SESfiESE*  were  frequently  observed.  It  should  be  noted  that 
at  Stations  U  and  5  the  average  phytoplankton  bioaass  was 
higher  than  at  any  other  station  on  the  river. 

Zooplankton  populations  rose  sharply  downstream  from 
Station  5,  reaching  their  highest  levels  at  Stations  6  and 
7.  The  effect  or  this  expanding  population  of  herbivores  is 
probably  seen  in  the  rapid  decline  in  the  average 
phytoplankton  biomass  in  this  region  of  the  river.  The 
Largest  number  of  zooplankton  species  occurred  at  Station  7 
where,  iucidentaly,  there  also  occurred  one  of  the  aost 
diverse  benthic  communities.  Station  6  contained  rotifer 
populations  of  several  hundred  thousand  in  September  and 
October,  influencing  the  average  nuaber  disproportionately. 
Without  these  "blooms"  the  average  population  at  Station  6 
would  fall  on  an  upward  slope  between  Stations  5  and  7. 


Below  Lake  Livingston  the  zooplankton  population 
levels  declined  through  Station  9,  to  the  lowest  figures  in 
the  river,  rising  sharply  in  number  at  Station  10.  The 
phytoplankton  populations  also  rose  at  Station  10. 
Zooplankton  species  diversity  at  Stations  8,  9,  and  10 
showed  the  opposite  trend  compared  with  the  populations  at 
those  stations.  Station  8  probably  had  imposed  upon  it  the 
influence  of  the  lake  environment  just  above  it.  Station  9 
is  rather  unusual  in  its  comparatively  greater  width  with 
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very  shallow  water  and  riffles.  The  influences  at  Station 
10  have  been  previously  alluded  to. 

CQlifoca  Bacteria  Analysis 

The  bacteriologic  examinations  of  saeples  are  used  to 
determine  the  sanitary  quality  and  suitability  for  general 
use  of  the  water.  The  methods  are  intended  to  indicate  the 
degree  of  contamination  of  the  water  with  wastes  from  human 
or  animal  sources.  The  tests  have  been  for  the  detection 
and  enumeration  of  indicator  organisms.  The  coliform  group 
has  been  used  as  such  an  indicator  organism.  Extensive 
studies  have  been  done  to  establish  the  significance  of  the 
coliform  group  densities  as  criteria  of  the  degree  of 
pollution.  The  sensitivity  of  the  historically  older 
multiple  tube  fermentation  test  has  been  increased  by 
developments  in  the  bacteriologic  techniques  and  culture 
media.  The  multiple  tube  fermentation  test  has  been 
accepted  as  a  standard  method,  and  recently  the  membrane 
filter  has  also  been  accepted  as  a  standard  method. 

In  studying  the  bacteriological  aspects  of  the  Trinity 
River,  both  the  multiple  tube  fermentation  test  and  the 
menbrane  filter  analysis  were  employed.  In  both  procedures, 
th«*  density  of  coliform  organisms  was  reported  as  organisms 
per  100  ml.  The  fecal  streptococci  on  the  membrane  filter 
te:;ts  were  also  reported  as  organisms  per  100  ml.  The 
mu  tiple  tube  counts  are  determined  as  most  probable 
nunbers  (HPN)  using  a  table  (Standard  Hethods,  1972) ,  and 
the  membrane  filter  analysis  are  reported  as  membrane 
filter  counts  (UPC) .  The  results  of  total  coliform,  fecal 
coliform,  and  fecal  streptococcus  are  given  in  Appendix 
IIt-09  and  Figures  III-17  and  III- 18. 

In  studying  the  results  from  the  ten  station  on  the 
Tr  nity  River,  the  stations  on  Loop  12  and  at  Rosser  had 
co  isistently  high  counts.  The  lowest  most  probable  nunbers 
we  e  obtained  at  the  lowermost  three  stations.  The  other 
st  tions  had  HPN  which  varied  according  to  the  results  from 
th  t  multiple  tube  fermentation  test.  Station  1  which  was 
lo  :ated  near  Highway  160  vent  from  a  maximum  HPH  of  greater 
th  in  240,000  coliforas/100  ml  to  an  apparent  absence  of 
co  .iforms.  This  data  could  be  attributed  to  the  toxicity  of 
so  te  chemical  effluent  or  some  similar  type  influence  on 
th  ?  microbial  ecology,  in  studying  the  multiple  tube 
fe  mentation  results,  it  is  also  important  to  point  out 
tbit  the  presence  of  Escherichia  qoli  was  confirmed  on  all 
st  idles  where  there  was  acid  and  gas  peodmeton. 
Occasionally  this  confirmation  involved  several  transfers 
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Figure  XIX-18.  Total  coliform  NFC  and 
fecal  coliform  MFC  on  the  Trinity 
River  from  October,  1972  to  April, 
1973 
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on  eosin  aethylene  blue  agar  to  obtain  a  green  aetallic 
sheen.  The  inability  to  obtain  this  sheen  at  first  can  be 
attributed  to  the  overgrowth  by  other  bacterial  organisas 


Since  the  aost  probable  nuaber  deter ainations  were 
only  enuaerated  to  240,000  collforas/100  al  according  to 
the  tables  in  Standard  Methods  (1971),  the  total  coliforn 
aeabrane  counts  were  iaportant  in  estiaating  organisas 
above  this  point.  The  aeabrane  filter  counts  involve  a 
direct  counting  aethod.  This  direct  plating  technique 
eliainates  to  a  large  extent  the  synergistic  reaction  which 
could  produce  acid  and  gas  in  the  nultiple  tube  aethd. 
Figure  111-18  gives  an  approxinate  relationship  for  there 
two  aethods.  The  highest  averages  on  the  aeabrane  filter 
total  colifora  counts  occurred  at  Station  2  which  is 
located  at  Loop  12.  The  lowest  counts  were  obtained  below 
Lake  Livingston.  These  low  counts  or  absence  of  counts  at 
Stations  8,  9,  and  10  aight  be  attributed  to  a  dilution  or 
settling  out  factor. 

The  fecal  colifora  and  the  fecal  streptococcus  counts 
are  an  iaportant  value  in  deteraining  the  possible  source 
of  contaui nation.  Ratios  of  fecal  streptocci  to  fecal 
colifora  which  are  4  and  above  indicate  a  possible  huaan 
contaaination  (Geldreich  and  Kenner,  1969) .  Stations  1 
through  7  had  average  ratios  above  «.  Stations  8,  9,  and  10 
had  ratios  below  4  for  the  study  period.  Ratios  of  the  type 
that  were  obtained  at  these  stations  indicate  saapling  at  a 
distance  away  fron  the  original  source  of  contaaination 
(Figure  III- 19). 


In  order  to  further  clarify  the  fecal  colifora  and 
fecal  streptococci  groups,  a  classification  study  was  doc«. 
Although  aost  strains  of  coliforas  are  syabiotic  io 
relation  to  the  aninal  gut,  the  aain  organisas  vet  * 

varieties  of  ps9fceric]|ij.a  coli.  The  fecal  colifora  test 

results  are  always  given  in  addition  to  total  colifora 
results  so  that  an  evaluation  can  be  aade  of  the 
authenticity  of  data,  since  fecal  colifora  counts  should  be 
saaller  than  total  colifora  data.  Bowever,  the  fecal 
colifora  data  can  also  be  used  to  deteraiae  if  the 

organisas  involved  are  of  fecal  origin.  The  selectivity  of 

this  test  is  to  a  large  extent  baaed  on  the  elevated  water 
bath  teaperature  and  the  culture  aedia. 


on  stations  1  through  7  the  classification  study 
showed  the  presence  of  Escherichia  coli  aaialy,  bat  also 
indicated  the  presence  of  Enterobacter  aeroaeaea  aad 

in  saaller  percentages  than 


i 


t 
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Bscherichia-coli.  Stations  8,  9,  and  10  were  studied  for 
classification  of  focal  coliforas  in  Oecesber  and  January 
which  were  the  only  dates  when  significant  coasts  were 
found.  The  only  organise  found  at  these  stations  was 

l2£fe££i£]lil.£2U.& 

The  fecal  streptococci  classification  included 
Si£ft£i2£2££HS _ £&2£&kiSj _ St  EOPtPgPCCtf? _ fagU*  aD,} 

organise  found  at  all  stations.  The  other  two  streptococci 
were  found  occasionally  at  the  upper  seven  statics. 
However,  in  Deceaber  Streptococcus  bovia  was  foand 
Station  9.  Sone  characteristics  of  these  organises  are  U.v 
they  will  not  aultiply  in  the  water  and  soae  have  a  rapiu 
die-away  rate  in  water  (Geldreich  and  Renner,  1969).  Pecal 
streptococci  are  native  to  the  gut  of  ware-blooded  aninals. 
Bigbty  percent  or  over  of  hoaan  fecal  streptococcus 
bacteria  is  included  in  the  Streptococcus  faecalis  group 
(Biological  Analysis  of  Vater  and  Bastewater,  1972) .  Cows 
and  horses  are  possible  sources  for  Streptococcus  bowls  and 
equlnus. 


It  is  iaportant  in  the  evaluation  of  these  aethods  to 
recognize  the  liaitations.  One  factor  that  has  to  be 
considered  in  a  study  such  as  this  one  is  the  turbidity  of 
the  water  tends  to  interfere  with  the  bacterial  growth  on 
the  aesbrane  filter.  Also  in  using  the  aaltiple  tube 
feraentation  nethod,  high  populations  of  none  bacteria  can 
interfere  with  the  growth  of  the  coliforn  organises.  There 
is  also  the  possibility  of  synergistic  action  resulting  in 
acid  and  gas  production  in  the  sultiple  tube  feraestation 
test. 
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Appendix  III-02.  Water  quality  data  from  Trinity  River,  river  rise  froa  Octobe 
to  October  31,  1972. 

(Values  in  milligrams  per  liter  except  as  indicated) 
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Appendix  III-05.  Phytoplankton  chlorophyll  concentrations  in  water  samples  taken  from 
the  Trinity  River  from  September  1972  through  April  1973  (expressed  in  mg/m  ) 
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Appendix  III-07.  Benthic  organisms  collected  in  the  Trinity  River  from  river  mile 
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Appendix  IXI-07  (cont.) 

October,  1972 

number  per  1/25  sq.  meter  /  percent  of  total  organisms 


STATIC _ ,«  1  2 _ 2 _ It 


NEMATODA 

1/0.37 

ANNELIDA 

Ollgoekaeta 

Tubifieidae 

Uaideatified 

Hirudiaea 

Arkyackobdella 

325/85*5  165/61.6  2600/93.9 

1 

1 

1 

18/5.6 

ENDOPROCTA 

Uraatella  araoills  Leidy 

ECTOPROCTA 

ARTHROPODA 

Maadlbulata 

Iaaect* 

Epkeaeroptera  larvae 
HexaMaia  ap. 
Trlekoptera  larvae 
Diptera 

Ckiroaoaidae 

larvae 

pupae 

Ceratopogoaidae 

12/3.2 

32/12.0 

12/4.5 

146/5.4 

20/0.7 

304794.4 

MOLLUSCA 

Gaatrepeda 

Perrisala  ap. 

Otkere 

Pelecypoda 

Euaera  ap. 

Otaera 

42/10. a  57/21.3 

1/0.3 

TOTAL  ORGANIBMS 

3S0 

267 

2766 

322 

DIVERSITY  INDEX 

0.9446 

1.8310 

0.3622 

0.3110 

♦ 


Appendix 

October 


octooer 

number  per  1/25  sq.  meter  /  percent  total  organisms 


8 


10 


14/29.2 


1/33.3 


58/65.9 

1/1.1 

3/3.4 


45/70.3 


3/4.7 


47/47.9 


27/27.6 


14/29.2 


1/33.3 


3/4.7 

11/22.9 

15/23.4 

25/28.4 

4/6.2 

15/15.3 

9/18.8 

3/4.7 

1/1.1 

9/14.1 

3/3.1 

1/1.0 

2/2.0 

1/33.3 

88 

64 

98 

48 

64  3 

.2252 

1.4192 

1.9060 

1.9760 

1.2900  1.5850 
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III-07  (cont. 

•.  1972 


Appendix  111-07  (cont.) 

November,  1972 


number  per  1/25  ">q-  me  er  /  percent  total  organisms 


_ STATION 

NEMATODA 


1  12  1  -4 


ANNELIDA 

Oligoekaeta 

Tublfiddae 

Polyduet* 

Hirudlaia 
Rkyackodbd ellida 
rlfcobdella  sp. 

ARTHROPOD A 

Maadftbulata 

Crustacea 

Nalaeostraca 

Aapkipoda 

Iaseeta 

Triekopt era  larvae 
Coleoptera  larva? 

Dlptera 

Cklroaoaldae  larvae 
Ceratopogoaldae  larvae 
Culleldae  larvae 
Ckaoborua  sp. 


MLLHSCA 
Gastropoda 
Ferriaaia  sp. 
SSIera - 

TOTAL  ORGANISMS 

D ITERS ITT  INDEX 


134/94*9  g  6700/98.9 

•H 

•P 

m 

tf 


1/1.3 

7/2.00 

6/1.0 


4/1.1 

352 

0.3910 
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t> 
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a. 
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i. 

Vi 
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*> 
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69/1.0 

2/0.02’ 

1/0.01 


6772 

0.8802 


2/2. A 


5/5.9 


61/80.0 

c/10.6 


3/1.2 

85 

3 .0437 


—  ladicates  no  saaple  ta  ea 


4 
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Appendix  III-07  (cont) 

November ,  1972 

number  per  1/25  sq.  meter  /  total  number  of  organisms 

i — —  .  6 _ 1 _ 6 _ 2 _ 10 _ 

1/25.0 


1/3.9!  1/20.0 


2/50.0  1/2.5 

1/2.5 


3/60.0 
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III-07  (cont.) 


Appendix  XII-07  (cont.) 

January,  1973 


number  per  1/25  sq.  meter  /  total  number  of  organisms 

STATION _ * - i - 2 - 3 - 


NEMATODA 


1/20.0 


ANNELIDA 

Ollgochaata 

Tubificidae 

Hirudinaa 


220/91.3  37/92.5  1200/100.0  1/20.0. 


ENDOPROCTA 

Urnatella  gradllls  Leidy 


ARTHROPODA 

Mandibulata 

Cru8tacaa 

Malacostraca 

Amphlpoda 

Dacapoda 

Palaomonaatag  sp. 
Iraacta 

Epharaaroptara  larvaa 
jiaxaftanj.a  ap. 

Dlptara  larvaa 
Chlronomidaa 
Ceratopogonidae 


MULLUSCA 

Gastropoda 

£galaai&  sp. 

Others 

Pelecypoda 

IVPJiy  sp. 
Others 

Amblima  sp. 

XCTzaAAig  SP* 
py9Pt«r.&  sp. 
Ljgumia  sp. 


25/10.2  3/7.5  3/80.0. 


TOTAL  ORGANISMS 
DIVERSITY  INDEX 


245 

0.4754 


40  1200 

0.4532  0 


5 

1.3710 
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Appendix  I 11-07  (cont.) 

January,  1973 


number 

per  1/25 

sq.  meter 

/  total 

number  of 

organisms 

5 

6 

7 

8 

_  9 

10 

1/12.5 

1/2.5 

1/33.3 

9/64.3 

1/35.0 

5/62.5 

14/35.0 

1/25.0 

2/6.9 

2/14.3 

1/25.0 

2/6.9 

1/2.5 

1/33.3 

3/21.4 

I %U 

1/12.5 

21/52.5 

1/33.3 

1.25.0 

1/3.5 

5/17.2 

1/12.5 

2/6.9 

8/27.6 

3 

14 

4 

295 

8 

40 

1.5850 

1.2870 

2.0000 

2.5956 

1.5488 

2.2129 

Y 


Appendix  III-07  (cont.) 

February,  1973 


number  per  1/25  3Q*  meter  /  total 

number  of  organisms 

STATION 

1 

2 

-  3 . 4 

NEMATODA 

ANNELIDA 

Oligochaeta 

Tubificidae 

Polychaeta 

1000/97.6  45/88.2  109/98.2 

ARTHROPODA 

Mandibulata 

Crustacea 

Malacostraca 

Amphlpoda 

Decapoda 

Insec ta 

Epheraeroptera  larvae 
Hcxagenla  sp. 

Odorata  larvae 

Arisoptera-GafflEbM 

Trlchoptera  larvae 

Diptera 

Chironomidae 

larvae 

pupae 

Ceratopogonldae  larvae 
Culicidae  larvae 
Chaoborus  sd. 

1/1.0 

15/1.5 

1/2.0 

1/0.9 

1/0.9 

MOLLUSCA 

Gastropoda 

Ferrissia  sd. 

Others 

Pelecypoda 

Eupera  sp. 

Others 

Amblema  sou. 

9/0.9 

5/9.8 

TOTAL  ORGANISMS 

1025 

51 

111 

DIVERSITY  INDEX 

0.2017 

0.6698 

0.2205 

——indicates  no  sample  taken 

Appendix  HI-07  (cont.) 

i 

number  per  1/25  sq.  m<?ter  /  total  number  of  organisms 

5 _ 6  7 _ 8. _ 2 _ 1£ 

7/17.5 


38/55.1 

20/35.1 

7/41.2 

1/2.5 

1/3.6 

3/10.7 

1/1.8 

1/1.8 

3/10.7 

2/5.0 

10/35.7 

1/1.4 

1/1.8 

8/14.0 

1/5.9 

4/10.0 

1/3.6 

1/1.4 

21/36.8 

18/45.0 

6/21.4 

9/13.0 

3/5.3 

c 

0 

7/17.5 

3/10.7 

1/1.4 

a> 

& 

a 

m 

1/1.4 

16/23.2 

M23.5 

3/17.6 

«H 

c 

«S 

1/1.4 

u 

0 

2/11.8 

0 

as 

69 

57 

17 

40 

28 

2.2536 

2.1937 

2.0636 

2.2129 

2.5576 

7-12 


Appendix  111-07  (eont.) 

March,  1973 

number  per  1/25  sq.  meter  /  total  number  of  organisms 


msm. _ 1 _ 2 _ 1 


ANNELIDA 

Oligochaeta 

Tubificidae 

648/93.9  6/66.7 

109/98.2 

END0PR0CTA 

Urnatella  gracilis  Laidy 

ECTOPROCTA 

ARTHROPODA 

Mandlbulata 

Insec ta 

Dlptera 

Chironomidae 

larvae 

pupae 

Geratopogonldae  larvae 
Culicidae  larvae 

ChjtoboruB  sp. 

35/5.0 

1/0.9 

1/0.9 

KOLLUSCA 

Gastropoda 

sp. 

Other 

Pelecypoda 

Pr9P,lfw.  sp. 

Pusconaria  sp.  or 

Pfr>y*rA§  sp. 

LftpipgUJLg  spp. 

7/1.0  2/22.2 

1/0.1  1/11.1 

TOTAL  ORGANISMS 

701  9 

111 

DIVERSITY  INDEX 

0.3901  1.2244 

0.2205 

- indicates  no  sample  taken 
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Appendix  III-07  (cent.) 

March,  1973 

number  per  1/25  sq.  meter  /  total  number  of  organisms 
4 _ 6  7  8  9  10 


103/89.6  11/55.0  18/51.4  2/16.7 


121/96.03 


2/16,7 


1/8.4. 


6/30.0  6A7.1 

2/10.0  1/2.9 

1/2.9 


1/0.8 

4/3.2 


1/8.3 


2/1.7  1/5.0 
10/8.7  9/25.7 


1/8.3 

1/8.3 


115  20  35  12 


126 


0.5504  1.5438  1.7265  2.8554 


0.2695 


' 


8-1 


I 

\ 


\ 


t 


I 


1 


Appendix  III-08.  Zooplankton  organisms  collected  in 
the  Trinity  River  from  river  mile  520  to  river 
mile  10,  September  1972  through  March  1973 


September,  1972  number  per  5-minute  plankton  cow/ 

percent  of  total  organisms 


_ STATION* _ 6  _  ,  •  7  '  8 

PROTOZOA 

Saroooastigophora 

Sarcodina 

Rhizopodea 

Lobosia 

Arcellinida 

Arcella-like  teste  930/0.4  130/0. 5  144/1.8 

Dlfflugia-llke  teste  7998/3.4  1170/4.8  288/3.6 

Ciliophora 
Ciliatea 
Perltrichla 

Peri triohida  39/0 . 2 


R0TIPERA 

Brachionidae 


NEMAT0DA 


223293/93.8  2535/10.3 
7O/O.03  2470/10.0 

93/0.04 


1728/21.4 

96/1.2 


END0PR0CTA 

Srnatgllft  gracilis  Leidy  1/0.004 

ARTH0P0DA 

Mandibulata 

Arachnids 


Hydracarina 

Crustacea 

Branchiopoda 

Cladocera 

Ephippia 

29/0.01 

465/0.20 

20/0.08 

48/0.6 

384/4.8 

336/4.2 

Ostracoda 

Copepoda 

3751/1.6 

651/0.3 

390/1.6 

48/0.6 

816/10.1 

Insec ta 

Collembola 

Dipteran  larvae 

29/0.01 

465/0.2 

20/0.08 

288/3.6 

TOTAL  ORGANISMS 

237960 

24563 

8064 

DIVERSITY  INDEX  (3) 

0.4505 

2.1090 

1.8522 

*  No  samples  were  taken  from  the  other  stations  during 
this  month 
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Appendix  XXI-08  (cont.) 

October,  1972 

number  per  5-minute  plankton  tow/percent  of  total  organisms 
STATION  »  1  »  2 _ *  3  »_ 


PROTOZOA 

Sarcomaetigophora 

Sarcodina 

Rhizopodea 

Lobosia 

Arcellinida 


Ciliophora 
Ciliatea 
Peritr.i  chia 
Peril richida 
Other  ciliatea 


2144/71.7 


469/15.7 


16016/55.4 


5368 A8. 6 


ROTIFERA 

Brachionidf a 
Keratella-i  ype 
Others 

NEMATODA 

ANNELIDA 
Oligochaet; 
Tubifici*  ae 


22/0.7  2000/6.9 

880/3.0 
440/1.5 


ARTHROPODA 

Mandibulata 

Arachnids 

Hydracarina 

Crustacea 

Branchiopoda 
Cladocera 
Bphippia 
Oatracoda 
Copepoda 
Nauplti-'- 
Insec ta 
Collembola 

Ephemeroptera  larvae 


!.2 
134/4.5 
67/2.2 

67/2.2 


88/0.3 


44/0.2 

880/3.0 

2684/9.3 


Gorixidae. : 


Dipteran  larvae 

22/0.7 

396A.4 

pupae 

8/0.03 

Hemiptera 

TOTAL  ORGANISMS 

2992 

28892 

DIVERSITY  INDEX 

1.3750 

1-9353 

74/10.6 


1776/25.4 


814/11.7 

25/0.4 


25/0.4 


.6 

4 

1 


148/2.1 


370 A.  3 
296A.2 
148/2.1 

\ 

6982 

2.1648 


3182/45 

25/0. 

74/1. 

25/0. 


Appendix  in-08  (cont.)  October,  1972 

number  per  5-minute  plankton  tow/percent  of  total  organisms 

-  SlAXlQji _ "  -  4  _  »  5  1  6 


PROTOZOA 

Sarcomas tigophora 
Sarcodina 
Rhizopodea 
Lobosia 
Arcellinida 
^EBfUArllkt  tests 
Dlrrlugia-like  tests 
Ciliophora 
Ciliatea 
Peritrichia 
Peritrichida 
Other  dilates 


126/35.3  96/0.8 
288/2.4 


346/0.1 

2436/0.5 


ROTIFERA 

Brachionldae 
Keratella-  type 
Others 

NEMATODA  • 


420/11.8 

1092/30.6 


3648/31.2 

1392/11.8 


478848/98.7 

348/0.1 


ANNELIDA 

Oligochaeta 

Tubificidae 

ARTHROPODA 

Mandibulata 


Arachnids 


Hydracarlna 

Crustacea 

Branchiopoda 

Cladocera 

Ephippia 

96/0.8 

13/0.4 

14/0.1 

116/0.02 

Ostracoda 

882/24.7 

5472/46.2 

1044/1.6 

Copepoda 

42/1.2 

288/2 .4 

1972/0.4 

Nauplii 

13/0 .4 

144/0.1 

11 6/0.02 

Insecta 

Collembola 
Ephemeroptera  larvae 
Corixidae 

Dipteran  larvae 

966/27.1 

2/0.02 

384/3.2 

116/0.02 

pupae 

Hemiptera 

13/0.4 

14/0.1 

TOTAL  ORGANISES 

3567 

11840 

484996 

DIVERSITY  INDEX 

2.1037 

2.0060 

0.1301 

1 

1 
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Appendix  IIX-08  (cont.) 


October*  19? 2 


number  per  5-mlnute  plankton  tow/percent  of- total  organisms 
STATION _ »  V  _ 8 _ 


PROTOZOA 

Sarcoma8tigophora 
Sarcodlna 
Rhizopodea 
Lobo8la 
Arcalllnida 
Aroella-lika  tests 
Dirflugia-llke  tests 
Cillophora 
Giliatea 
Peritrichla 
Perltrlchlda 
Other  dilates 


3555/17.6 


138/0.9 

275/1.7 

55/0.4 


BOTIFBRA 

Brachlonidae 

Keratella-type 

Others 

NBMATODA 


5985/29.6 

2970/14.7 


ANNELIDA 

Oligochaeta 

Tublficidae 


ARTHROPODA 
Mandlbulata 
Arachnids 
Hydracarina 
Crustacea 
Branchiopoda 
Gladocera 
Ephippia 
Ostracoda 
Gopepoda 
Nauplii 
Insects 
Collembola 
Ephemeroptera  larvae 
Corixidae 
Dipteran  larvae 
pupae 

Hemiptera 

TOTAL  ORGANISMS  20188 


14/0.1 

135/0.7 

135/0.7 

4230/21.0 

3150A5.6 

14/0.1 


DIVERSITY  INDEX  2.3500 


1925/12.0 

110/0.7 

3190/20.0 


935/5.8 

28/0.2 

632/4.0 

1568/9.8 

6930/43.4 


6/0.04 

192/1.2 


15984 

2.0633 


October,  1972 


Appendix  III-08  (cont.) 

number  per  5-minute  plankton  tow/percent  of  tonal  organisms 

STATION _ ■  9 _ : _ ;la _ 


PROTOZOA 

Sarcoaastigophora 
Saroodina 
Rhisopodea 
Loboaia 
Aroellinida 
Aroal la-1 ike 


tests 


>}U* 


la~lli 

■ugia-like  tests 
Ciliophora 
Cillatea 
Peritrichia 
Peritrichida 
Other  ciliate8 


224/19.3  343/0.05 

224/19.3 


15/0. e 


ROTIFERA 

Brachlonidae 


56/0.5 

17/1.5 


294/16 . L 
254/13.9 


NEMATODA 

ANNELIDA 

Oligochaeta 

Tubificidae  17/0.2 


ARTHROPODA 

Kandibulata 

Arachnida 

Hydracarina 

Crustacea 

Branchiopoda 
Cladocera 
Ephippia 
Ostracoda 
Copepoda 
Nauplii 
Insec ta 
Collembola 
Ephemeroptera  larvae 
Corixidae 
Dipteran  larvae 
pupae 

Hemiptera 
TOTAL  ORGANISMS 


56/0.5 

168/14.5 

168/14.5 

17/1.5 


49/2.7 

147/8.0 

735/40.2 


112/9.65 

1161  1827 

2.5816  1.1977 


DIVERSITY  INDEX 


Appendix  111-08  leant.) 

November,  1972 

number  per  5-minute  plankton  tow/percent  of  total  organisms 

mm* _ : _ i _ : _ 2 _ : — 2 — 


PROTOZOA 

Sarc oaas t igophora 
Saroodina 
Rhizopodea 
Lobosia 
Arcellinida 
Arcella-like  tests 
SSSfiLa-lik*  tests 
Ciliophora 
dilates 
Peritriehia 
Peritrlohida 

ROTIFERA 

Brachionidae 

Keratella-type 

Others 

NEMATODA 

ANNELIDA 

Ollgoohaeta 

Tubificidae 


1856/30.0 

52/7.1 

220/5.5 

191/3.1 

52/7.1 

1650/41. 1 

W/2.8 

174/2.8 

2552A1.3 

55/1.4 

110/2.7 

550/13.7 

578/78.8 

660/16.4 

116/18,8 


ARTHROPODA 

Mandibulata 

Arachnids 

Hydracar ina  17/0  • 3 

Crustacea 


Branchiopoda 

Cladocera 

Ephippia 

Ostracoda 

116/1.9 

52/7.1 

28/7.0 
38/0.6 
220  A.  5 

Copepoda 

Nauplii 

Insects 

Dipteran  larvae 

696/11.3 
290 A.  7 

330/8.2 

165  A.  1 

28/0.7 

TOTAL  ORGANISMS 

6182 

734 

4016 

DIVERSITY  INDEX 

2.1541 

1.0831 

2.5064 
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Appendix  ni-08  .oont.)  November,  19? 2 

number  per  5-minute  plankton  tow/percent  of  total  organisms 
4  '  5  *  6  1  7  '  8  *  9  '  10 


1118/18.2 

220/3.6 

627/1.4 

342/7.7 

195/2.9 

455/6.8 

300/6.8 

200/4.5 

440/4.4 

1202/12.0 

228/8.0 

171/3.9 

130/1.9 

642/10.5 

220/3.6 

220/3.6 

171/3.9 

171/3.9 

570/12.9 

520/7.7 

1950/28.9 

1690/25.1 

600/13.6 

1100/25.0 

300/6.8 

2347/23.5 
1 349/13. 5 

264/2.6 

57/1.3 

46/0.7 

100/2.3 

16/0.3 

110/1.8 

38/0.6 

3098/50.5 

385/6.3 

17/0.4 

513/11.6 

1539/34.8 

114/2.6 

20/0,3 

65/1.0 

65/1.0  ( 
1170/17.4 

65/1.O 

300/6.8  1291/12.9 
100/2.3  53/0.5 
100/2.3  53/0.5 
700/15.9  2493/24.9 
400/9.1  381/3.8 

57/2.0 

114/2.6 

46/1.0 

aoo/4,5 

6138 

4423 

6742 

4400 

9996 

1.9834 

2.7493 

2.4496 

2.8884 

2.5939 
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Appendix  III-08  (cont.) 

December,  1972 

number  per  5-mlnute  plankton  tow/percent  of  total  organisms 


Other  station  were  not  sampled  this  month 
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Appendix  111-08  (cont.) 
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Appendix  III-08  (cont.) 

Karch,  1973 
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Appendix  III-09.  Multiple  tube  fermentation  data 
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FECAL  STREPTOCOCCUS  ANALYSIS 


The  values  above  refer  to  fecal  streptococcus  per  100  ml 
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RATIO  of  fecal  coliform  and  fecal  streptococcus 
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INTK  U/UCTiON 


l'h  •  geological  in-depto  studies  iocusod  on  several 
problem  areas  which  became  apparent  after  the  previous 
research  was  completed.  They  included  an  investigatio  1  ot 
the  butler  Dome  quarry  operation  with  the  associated  acidic 
pit.  and  surface  water  pollution,  and  a  determination  of  the 
possible  acid  and  heavy  metal  contamination  resulting  from 
the  mining  and  utilization  of  lignite  by  the  Big  brown 
Electric  Generation  Plant  in  the  vicinity  of  Fairfield 

The  studies  also  focused  on  the  possible  effect  i  of 
salt  water  contamination  from  natural  silt  masses  of  the 
Butler  and  Palestine  salt  domes  and  on  the  academic  value 
of  the  stratigraphic  typo  section  of  the  Eagle  Pord 
Formation  west  of  Dallas,  and  the  Cornusgira.  Cannata 
fossil  locality  northeast  of  the  town  of  K.-*ens7 

An  initial  effort.  w3s  •!•>:«  to  dele '-mint  the  .ontut. 
ot  isolated  abandoned  or  depleted  oil  wells,  oilfields,  and 
active  or  inactive  brine  disposal  pits  vitiu.r.  the  proposed 
Tennessee  Colony  reservoir  area  and  along  the  Trinity  diver 
floodplain  ana  its  tributaries  which  may  contribute 
pollution  to  tup  river  ami  the  Livic  istc-n  and  Kalli  ville 
r user v airs.,  However,  it  was  soon  real  ^zeu  that  this  task 
would  require  extensive  time  soirchlr.-y  the  files  of  the 
Railroad  Commission  in  Austin  and  in  cross  checking  this 
information  in  the  field.  The  time  spent  would  a av«  far 
exceeded  that  available  for  the  duration  of  this  contract. 
Nonetheless,  information,  e.g.,  the  name,  location, 
producing  company,  whether  or  not  in  production,  and 
pollution  problems,  of  many  of  the  fields  is  giver  in 
Figures  7  (pg.  96) ,  8  (pg.  100),  9  (pg.  104),  and 
corresponding  Tables  3  (  >g.  97),  4  (pg,  101),  5  (pg.  105) 
ot  a  previous  report  (Stepnen  F.  Austin  State  University. 
H/2)  , 

PROCEDURES 

byt lcr_yuarri 

The  following  approach  was  used  in  the  Butler  Dome 
study.  The  section  overlying  the  quarried  stone  was  first 
measured  and  described  to  tetermine  what  proportion  of  the 
overburden  contains  suit  de  minerals.  Pyrite  (FeS2 )  veins 
and  nodules  and  elemental  sulfur  were  detected  in  50  feet 
of  the  overburden.  A  representative  sample  of  the  sulfide- 
bearing  material  was  obtained  by  trenching  the  entire  50 


1  *♦  H 


loot  inti'ivdl  .  Tin*  sample  was  processed  and  analyzed  to 
determine  the  percent  of  sulfide,  sulfur,  and  heavy  metals 
presen t . 


The  redistribution  of  the  overburden  and  the  effect  of 
surface  oxidation  and  leaching  on  the  sulfides  in  it  were 
carefully  observed.  A  surface  drainage  map  was  constructed 
to  portray  the  general  drainage  characteristics  of  the  area 
in  order  to  determine  the  dispersal  of  the  acid,  sulfate 
and  heavy  metals  being  leached  from  the  overburden  by 
surface  oxidation  (Figure  1V-01).  The  location  of  the 
quarry  and  the  redistributed  overburden  are  also  shown  on 
this  map. 

Water  samples  were  taken  and  analyzed  from  collection 
pools  in  the  bottom  of  the  quarry,  holding  pools  downdip 
from  the  quarry,  collection  pools  on  the  exposed 
overburden.  Blue  Lake,  and  where  Blue  Lake  flows  into  the 
Trinity  Kiver  (Figure  IV-01) . 

Fairfield  Lignite 

rn  order  to  study  the  possible  acid  and  heavy  metal 
pollution  problems  associated  with  the  activities  of  the 
Big  Brown  Electric  Generating  Plant,  it  was  necessary  to 
observe  their  operations  and  to  collect  samples.  The 
appropriate  personnel  of  the  company  were  contacted  and 
several  guided  tours  were  arranged.  They  were  very  helpful 
in  explaining  their  operation,  the  extent  of  their 
reserves,  and  in  collecting  representative  samples  of  the 
lignite  and  fly  ash.  The  samples  were  placed  in  plastic 
containers  and  returned  to  the  laboratory  for  sample 
preparation  and  analysis.  The  sample;  were  analyzed  using 
atomic  absorption,  neutron  activa.ion,  and  wet  chemical 
techniques.  The  location  of  the  Fairfield  lignite  mining 
operation,  power  plant,  and  the  local  surface  drainage 
system  is  given  in  Figure  IV-02. 

Pa les t i ne_Sa 1 t _Dome 

Determination  of  the  possible  effects  of  pollution 
from  nttural  salt  sources  in  the  Palestine  salt  Dome 
drainage  area  required  a  field  recon naissa nee  of  the  area 
to  determine  the  source  of  the  salt  which  is  contaminating 
surface  waters.  Determination  of  the  surface  drainage 
system  had  to  be  determined  in  order  to  trace  the  dispersal 
of  the  salt  water.  A  surface  drainage  network  map  of  the 
area  was  constructed  to  accomplish  this  (Figure  IV-03) . 
Water  samples  were  collected  from  streams  draining  the  Dome 
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area  to  determine  it  salt  pollution  is  occurring  and  it  so, 
to  what  extent.  The  samples  were  taken  to  the  laboratory 
and  analyzed  for  chlorides  and  sulfates. 

.£2£d_and_K  §rens_Mem  bei_  _rype  .Sections _ and _ Corngspit.a 

rarinata  ’•[QSsi  l_Local  itj 

Location  of  type  geological  sections  are  frequently 
difficult  because  many  were  described  years  ago  and 
referenced  to  the  existing  landmarks  which  may  or  may  not 
row  exist.  A  search  of  the  literature  was  necessary  to 
locate  the  original  description  and  location  of  these  type 
sections.  Even  then  it  required  considerable  field  work  to 
locate  them.  After  location,  the  type  sections  were 
measured  and  described  and  compared  to  the  original 
description.  The  locations  of  the  type  geological  sections 
and  the  fossil  locality  are  shown  in  Figures  IV-OL,  05,  and 
06. 


8F.SU  LTS 


L’UtlSE-iiSSS-iiSlISEI 

Widespread  progressive  chemical  decomposition  of  the 
iron  sulfide  mineral  pyrite  caused  by  weathering  processes 
was  observed  in  the  overburden  dumps  and  in  the  50-feet  of 
exposed  material  overlying  the  quarried  stone,  some  of  the 
iron  released  during  this  process  is  being  redeposited  as 
iron  oxide  coatings  on  the  quarry  clitf  faces  and  in  the 
water  collection  pools.  Part  of  the  sulfur  released  occurs 
as  elemental  sulfur  on  the  quarry  walls  and  on  the 
overburden  dumps,  but  much  of  it  reacts  chemically  with 
surface  water  producing  sulfur-containing  acids.  Surface 
runoff  from  the  dumps  and  from  the  exposed  overburden  above 
the  quarry  stone  drains  into  the  quarry,  holding  ponds, 
collection  pools  on  exposed  overburden,  and  in  Blue  Lake 
concentrating  acids,  sulfate,  and  heavy  metals. 

Their  dispersal  is  shown  on  a  general  location  map 
(Figure  IV-01)  of  the  area  depicting  the  guarry,  the 
location  of  the  redistributed  overburden  material,  and  the 
local  drainage  system. 

Approximately  2.H  million  tons  of  overburden  has  been 
removed  and  redistributed  by  the  Butler  Dome  quarry 
operation.  It  is  anticipated  that  at  least  an  additional 
million  tors  will  be  removed  in  the  future.  Table  IV-01 
gives  data  for  the  different  forms  of  sulfur  and  t  he  heavy 
metals  in  the  overburden  material.  Approximately  L5,600 


wnn  fihrt  fruit  ton:  vm.  kctim 
Cirmnain  cirlmti:  w»a  uc»im 


206 


tons  ot  total  sulfur  are  present.  About  10,000  tons,  or 
approximately  28  percent  of  the  total  amount,  are  readily 
soluble.  The  remaining  sulfur  is  still  tied  up  in  the 
oxidizing  pyrite. 

Water  samples  taken  from  collection  pools  in  the 
bottom  of  the  quarry,  collection  pools  on  the  overburden, 
from  blue  l.ake,  and  its  outlet  into  the  Trinity  River 
(Figure  IV-01)  permitted  the  determination  of  the  present 
effects  of  the  quarry  operation  on  the  cheeical  composition 
of  the  water.  Table  IV-02  summarizes  the  analytical 
results. 

The  composition  ot  the  water  varies  with  the  amount  of 
precipitation  because  of  the  subsequent  dilution.  The  data 
given  are  for  a  wet  season  during  which  the  backwater  of 
the  flooding  Trinity  River  occasionally  inundated  the 
lowland  area  adjacent  to  the  quarry  and  Blue  Lake.  At  high 
floodstage  the  water  backs  up  against  the  displaced 
overburden  of  the  quarry  and  a  water  exchange  between  river 
and  Blue  Lake  takes  place. 

Water  from  the  holding  ponds  and  collection  pools  on 
the  overburden  is  very  acidic  and  has  a  high  sulfate 
content.  The  sulfate  content  of  the  water  in  the  collection 
pools  in  the  bottom  of  the  quarry  is  also  high; 
surprisingly,  the  water  is  less  acidic  than  expected. 
Dilution  of  the  quarry  water  as  a  result  of  unusually  heavy 
rainfall  and  the  reaction  of  the  acidic  water  with  calcium 
carbonato  (CaCO,)  in  the  quarried  rocks  could  account  for 
this  unexpected  situation.  High  carbonate  concentrations 
occur  in  the  bottom  pit  water  of  the  quarry. 

The  sulfate  content  of  Blue  Lake  water  and  its  outlet 
to  the  Trinity  River  is  lower  than  that  of  water  close  to 
the  quarry  but  is  still  significantly  high  as  compared  with 
average  lake  water.  The  pH  is  higher  than  expected  but 
could  be  explained  in  part  by  the  dilution  of  the  lake 
water  by  the  inflow  of  large  quantities  of  water  during  the 
rainy  season. 

Heavy  metal  concentrations  in  the  overburden  from  the 
quarry  (Table  IV-01)  are  as  follows: 


(1) 

mercury 

0. 

/5ppm 

(2) 

cadmium 

3. 

7ppm 

(1) 

lead  4  17 

ppm 

(*♦> 

arsenic 

4  ppm 

(t>) 

selenium 

3 

.  Ippm 

Table  IT-01.  Sulfur  and  heavy  aetal  contents  (in  weight  percent  and 
parts  per  Billion)  of  overburden  aaterial  froa  the 
Butler  Doae  quarry.* 
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*  Less  than  lower  liait  of  detection  as  follows:  lead  2  ppm,  cadmium  0.2  ppm, 
and  arsenic  1.0  ppm. 
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The  results  of  chemical  analyses  of  water  samples  from 
the  quarry  and  vicinity  are  given  in  Table  If-02.  The 
mercury  content  of  water  samples  from  collection  pools  on 
the  overburden  (UOppm)  ,  from  inside  the  quarry  (20ppm) ,  and 
from  Blue  Lake  (approximately  20ppm)  (Figure  IV-01)  exceed 
the  maximum  considered  safe  for  drinking  water  (5ppb — u.S. 
Public  Health  Service,  1962).  Cadmium  and  lead 
concentrations  in  water  samples  from  the  quarry  vicinity 
and  from  Blue  Lake  were  below  the  limit  of  detection 
(0.2ppm  and  2.0ppm,  respectively)  of  the  atomic  absorption 
unit  used.  Hater  samples  from  the  collection  pool  inside 
the  quarry  averaged  8ppm  which  is  considerably  greater  than 
the  50ppb  considered  safe  by  the  O.S.  Public  Health 
Service.  Arsenic  was  not  detected  in  water  samples  from 
Blue  Lake,  however. 

EdiLli£U_iiaaita 

Mercury  analyses  of  samples  of  the  Fairfield  lignite 
and  power  plant  ash  were  performed  by  neutron  activation 
analyses  and  double  gold  amalganation-f lameless  atonic 
absorption  spectrophotometry.  Results  obtained  by  neutron 
activation  analyses  were  not  as  reliable  as  those  obtained 
by  double  gold  amalganation-f laneless  atonic  absorption 
spectrophotometry  and  were  thus  not  included  in  this 
report.  The  results  of  the  analyses  by  the  latter  are  given 
in  Table  1V-03.  Trace  element  results  of  a  composite  sample 
are  given  in  Table  IV-04.  Figure  IV-02  shows  the  location 
of  the  power  plant  and  lignite  pits.  The  mercury  content 
varies  for  samples  taken  from  pits  A  and  B  and  the  stock 
piles.  The  calculated  averaged  value  is  0.30  ppm  Hg.  That 
corresponds  quite  well  to  the  0.35  ppm  figure  obtained  for 
a  composite  sample  representing  materials  from  pits  A  and 
B,  the  unloading  dump  and  the  stock  piles.  Therefore,  this 
figure  of  0.35  ppm  Hg  can  be  taken  as  representative  for 
the  mercury  content  of  the  Fairfield  lignite. 

Combined  bottom  and  precipitated  fly  ashes  constitute 
approximately  14  weight  percent  of  the  total  lignite 
burned,  and  contain  approximately  0.05  ppm  Hg. 

Based  on  annual  lignite  consumption  of  3,600,000  tons 
(dry  coal  basis),  approximately  1.26  tons  per  year  of 
mercury  is  mobilized.  Of  this  amount  released  by  burning, 
only  2  percent  or  50  pounds  is  retained  in  the  fly  ash. 

The  fate  of  mercury  upon  burning  of  the  coal  is 
diverse.  It  escapes  out  of  the  stack  together  with  the 
gases  and  may  partly  be  absorbed  on  the  fly  ash  and  the 
interior  walls  of  the  furnace  and  stack  system. 


The  fly  ash  is  removed  from  the  furnace  emissions  by 
electrostatic  precipitators  and  is  combined  with  the 
bottom-ash.  The  combined  ash  is  sent  through  a  slurry  line 
to  i  collection  pit  from  which  it  is  removed  and  used  as 
road  base  material. 

The  mercury  content  of  the  slurry  pit  ash  i.%  about. 
0.05  ppm  Hg.  Some  of  this  mercury  in  road  base  mateiial  may 
ultimately  escape  to  the  atmosphere  and  the  ground  water 
because  mercury  begins  to  volatilize  at  a  temperature  of 
about  8° P.  Dissemination  of  the  ash  as  road  material  could 
possibly  result  in  wide  dispersal  of  the  mercury  due  to 
this  volatilization  under  hot  weather  conditions  during  and 
after  road  construction. 

It  can  be  assumed  that  the  majority  of  the  mercury 
escapes  directly  to  the  atmosphere  because  airborne  surveys 
(Hearings,  p.  162,  1971)  detected  large  concentrations  of 
up  to  10,000  ng/mJ  of  mercury  in  the  plumes  discharged  from 
tho  smokestacks  of  coal-burning  power  plants. 

other  elements  in  the  Fairfield  lignite  (Table  IV-0h) 
analysed  include  lead,  cadmium,  selenium,  arsenic, scandium , 
and  sulfur.  Various  amounts  of  these  elements  tre  not 
retained  in  the  ash,  and  have  most  likely  been  emitted  wit  h 
the  stack  emissions.  Sulfur  occurs  mostly  as  sulfur  dioxide 
gas.  Lead,  cadmium,  selenium,  and  arsenic  probably  exist  .is 
volatized  heavy  metal  atoms. 

butler  and  Palestine  Salt  Domes 

Results  of  water  sample  analyses  from  the  drainage 
areas  of  Butler  and  Palestine  salt  domes  are  given  in 
Tables  IV-05  and  1V-06.  Surface  drainage  is  pictured  in 
Figures  IV-01  and  03. 

In  December  1972,  sodium  and  chloride  concentrations 
in  the  water  entering  the  Trinity  River  through  tho  outlet 
◦f  Blue  Lake  were  hiqher  than  for  regular  lake  water.  Blue 
Lake  is  the  collection  basin  for  all  the  drainage  from  the 
Butler  Salt  dome.  Lower  concentration  values  were  obtained 
tor  samples  collected  during  May,  1973.  This  can  he 
explained  by  the  recent  dilution  of  lake  water  fcy  heavy 
rains,  and  by  an  exchange  of  Trinity  river  flood  waters 
with  the  water  of  Blue  Lake.  The  results  indicate  that  most 
of  the  chlorides  come  from  the  salt  dome  surface  drainage 
rather  than  from  the  quarry  operation  on  the  north  flank  of 
the  dome. 


1 


213 


in 

® 

V 

a 

r-4 

o 

0.0 

a 

a 

u 

(0 

« 

H 

ij 

■P 

® 

3 

44  CQ 

<« 

a 

o 

M 

O  <44 

in 

M 

w 

® 

W  T5 

r-4 

U 

*0 

O 

C 

rH 

ffl 

43 

o 

rH 

rtJ 

u 

O 

o 

•ft  <44 

a 

« 

o 

o 

•n 
<44  rH 
O  rH 


w  ■ 

44 

rH  U  • 
S3  ®  0~i 
V)  0.44 
«  *rH 

OS  VI  c 

44  H 

•  u  o 

a  -rH 
O  Q.  > 

I 

a.  e  "O 
t-H  -M  C 
' —  (0 

® 

rH 

03 

a 


rH 

<n  o 

in 

o 

o 

o  o 

o 

m  a 

• 

*  CO 

CD 

CO 

co  a 

r 

r- 

! 

I 

VO 

IN  (M 

<0  1 

1 

• 

•  • 

St  1 

l  a  o 

vO 

©  a 

CM 

a 

O  CO 

i 

1 

■  i 

j  a  m 

1 

<£> 

10 

r>  fN 

i 

T9 

1 

®  1 

43  | 

1  » 

• 

• 

• 

• 

• 

0  1 

1  p 

o 

u  ►. 

u 

u 

u  ►. 

®  i 

1  «  a 

Q> 

0)  a 

® 

0 

0  a 

rH  i 

I  a  b 

o 

a  b 

a 

Q 

Q  B 

rH  1 

0  1 

U  1 

1 

1 

i 

i 

i 

1 

1 

1 

i 

i 

i 

>~i 

0 

I 

i 

14 

44 

M 

1 

l 

U 

a 

a 

1 

1 

w 

a 

o> 

rJ  14 

1 

1  rH 

rH 

3 

V 

<44 

0 

1 

1  O 

0 

Cf 

a 

o 

®  > 

1  o  ►. 

O  B 

w 

•r-> 

3  -rH 

! 

1  CL  U 

CL  « 

tv  a 

t3 

44 

H  « 

a  i 

1  14 

T9 

a  o 

a 

u 

ca 

o 

I  e  a 

a  u 

0  u 

a 

►. 

•r4  1 

1  0  3 

O  D 

0.144 

®  ►> 

CL  0 

<44  44 

44 

1  -H  B* 

>iH  A 

M  14 

44 

O  -r4 

a 

1  44 

44  14 

O'  04 

a  t4 

rH  a 

a 

U  1 

1  U  V 

u  ® 

B  »»H 

►J  a 

a  rj 

44  -rH 

o  1 

1  V  T9 

®  > 

•rH  T9 

9 

44 

0  U 

-3 

1  rH  «H 

rH  O 

t9  a 

®  O* 

44  ® 

rH  H 

1  rH  (A 

rH 

rH  » 

3 

a  s 

44 

i  o  a 

o  a 

o  o 

rH  O 

®  rH 

3  O 

U  *H 

u  o 

s  -a 

00  44 

U  <0 

O  44 

9) 

rH  1 

CL 

1 

INI 

a 

in 

vO 

•Below  detectable  liait 


215 


Extremely  high  concentrations  of  chlorides  were 
observed  in  the  water  from  Duggey*s  Lake  which  is  located 
near  the  center  on  the  Palestine  dome.  Salt  flats  occur  on 
the  flanks  of  the  done.  However,  these  high  concentrations 
of  chlorides  have  not  been  observed  in  the  drainage  waters 
farther  away  froa  the  doae.  Volf  Creek  and  Town  Cieek 
waters  have  fairly  low  chloride  concentrations.  Town  Creek 
discharges  into  the  Trinity  River  above  the  proposed 
Tennessee  colony  reservoir. 

Type  Localities 

The  type  localities  of  the  Eagle  Ford  Foraation,  Gulf 
Series,  Cretaceous  as  named  and  and  described  by  Hill 
(1887)  are  situated  around  the  snail  settlement  of  Eagle 
Ford  approximately  1  mile  south  of  and  some  60  feet  above 
the  presen4"  Trinity  River  floodplain  (Figure  IV-04)  .  These 
localities  are  nuaerous  and  are  so  far  away  from  the  river 
that  they  would  not  he  disturbed  by  channelization 
activities.  Detailed  information  concerning  the 
stratigraphy  of  the  Eagle  Ford  Foraation  is  given  in  Tabic? 
IV-07. 

The  Eagle  Ford  Foraation  has  been  divided  into  three 
members:  Tarrant,  Britton,  and  Arcadia  Park,  in  ascending 
order  from  older  to  younger  by  Horoaan  (1927).  The  typo 
locality  of  the  Tarrant  aeaber  is  located  east  of  Grapevine 
at  the  crossing  of  the  St.  Louis,  San  Francisco,  and  Texas 
railways  over  a  tributary  of  Bear  Creek  approximately  9 
miles  north  and  well  above  the  Trinity  River  (Figure  IV- 
05).  The  stratigraphy  of  these  units  is  described  in  detail 
in  Table  IV-07. 

The  type  locality  of  the  Kerens  member  of  the  wills 
Point  Foraation  and  the  C or n uspi£a_Ca r l na ta  fossil  locality 
of  the  Kerens  member  located  northeast  of  Kerens  (Figure 
IV-06)  will  both  be  inundated  by  the  Tennessee  Colony 
Heservoir.  Mo  suitable  alternative  localities  have  been 
found  up  to  now. 


DISCUSSION  AND  CONCLUSIONS 
£!iil2E_I22E5-.y!ii££i 

The  re-.ults  of  this  study  confirm  the  previous  belief 
that  a  serious  acid  water  pollution  >roblea  does  exist  in 
the  vicinity  of  the  Butler  quarrying  operation.  Surface 
drainage  from  the  overburden  dumps  quarry  and  holding 
ponds  tran '.ports  acid,  sulfate,  and  h  >avy  metals  irto  nine 
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Lake,  which  in  turn,  discharges  into  the  Trinity  River.  Kt 
the  present  time,  this  does  not  appear  to  afiect  seriously 
the  cheeistry  of  the  water  in  Blue  Lake  because  of  the 
continuous  flow  of  water  trom  Blue  Lake  into  the  Trinity 
River,  and  also  the  frequent  influx  of  water  from  the 
Trinity  River  into  Blue  Lake  during  flood  periods. 

This  situation  will  change  if  the  proposed  cut-off  of 
the  Trinity  River  during  channelization  is  done.  This 
creates  a  aan-aade  oxbow  lake  north  of  the  quarry  (Pigure 
IV-01).  Realignment  of  the  channel  would  prevent  flooding 
and  freguent  exchange  of  water  between  river  and  lake.  The 
large  quantities  of  available  acid,  sulfate,  and  heavy 
aetals  in  the  waters  could  ultimately  affect  adversely  the 
water  quality  of  Blue  Lake  which  in  turn  would  affect  the 
water  quality  of  the  Trinity  River  below  the  oxbow  lake. 
Fortunately,  the  outlet  of  Blue  Lake  is  below  the  proposed 
cut-off  and  the  discharge  froe  the  lake  will  not  flow  into 
the  oxbow  lake.  There  is,  however,  the  possibility  of  einor 
pollution  of  the  lake  by  surface  water  drainage  froe  the 
overburden  dump  and  holding  ponds  during  heavy  rains. 

Faiyfield  Lignite 

Results  for  the  Fairfield  lignite  and  fly  ash  froe  the 
power  plant  show  that  a  potentially  serious  nercury,  sulfur 
dioxide,  and  heavy  netal  pollution  problem  exists  due  to 
the  activities  of  the  Big  Brown  Electric  Generating  Plant. 

The  magnitude  of  the  emissions  problem  can  only  be 
assessed  after  an  aerial  wind  dispersal  study  has  been 
made.  The  problems  of  atmospheric  transport  and 
environmental  accumulation  should  be  investigated  over  a 
long  period  of  time  to  determine  the  severity  of  this 
problem.  Prevailing  winds  from  the  southwest  to  the 
northeast  could  feasibly  cause  the  accumulation  of  mercury 
in  Big  Brown  reservoir,  Cottonwood  Creek,  Trinity  River, 
and  the  proposed  Tennessee  Colony  Reservior. 

Bercury  pollution  poses  a  serious  environmental 
problem  because  of  the  tendency  of  mercury  to  be 
concentrated  in  the  food  chain. 

Lead,  cadmium,  and  selenium  pose  similar  problems. 
These  elements  are  serious  pollutants  and  also  constitute 
an  acute  health  problem  caused  by  heavy  metal  poisoning,  as 
has  been  demonstrated  in  previous  studies  (Texas  State 
Health  Department,  1972). 
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Some  natural  salt  pollution  of  the  surface  drainage 
exist-;  in  the  Butler  and  Palestine  salt  dome  areas. 
Analyses  of  water  samples  for  chlorides  indicate  that  the 
problem  is  more  severe  in  the  Butler  Dom »  area.  Surface 
runoff  iron  Butler  Dome  concentrates  chlorides  in  Blue 
Lake,  which  drains  into  the  Trinity  River.  The  problem  will 
become  more  serious  if  channelization  produces  an 
artificial  oxbow  lake  just  to  the  north  of  Blue  Lake.  It 
would  reduce  dilution  of  the  lake  water  by  overflow  from 
the  river  and  allow  chlorides  to  concentrate  in  hiqher 
amounts  in  Blue  Lake.  Polluted  water  from  Blue  Lake  would 
flow  into  the  Trinity  River  below  the  oxbow  lake  and  affect 
the  water  quality  of  the  river. 

Severe  salt  pollution  of  surface  water  occurs  in  the 
Palestine  dome  proper  but  considerable  dilution  appears  to 
occur  before  this  water  enters  the  Trinity  River  via  Town 
Creek . 

IIE§_k2£3liiiS§ 

The  type  localities  of  the  Eagle  Ford  Formation  west 
of  Dallas  are  too  far  away  from  the  river  tc  be  affected  by 
channelization. 

The  type  locality  of  the  Kerens  member  of  the  Wells 
Point  Formation  and  the  Cornuspira , Cqrinata  fossil  locality 
of  the  Kerens  member  located  northeast  of  Kerens  will  both 
be  inundated  by  the  Tennessee  Colony  Reservoir,  and 
suitable  alternative  localities  have  not  yet  been  located. 

It  is  felt  that  the  flooding  of  the  typo  locality  of 
the  Kerens  member  and  and  the  Cornuspira  Carinata  fossil 
locality  will  not  be  an  important  loss.  Poth”  localities 
have  been  adequately  described,  and  new  satisfactory 
alternatives  could  probably  be  located. 


miMfeAillwi&a 


MUkfaaMimAiHMt 


219 


ADDENDUM 

This  addenda*  entitled  Preliminary  Report  on  the 
Status  of  the  Oil  and  Gas  Nells  in  the  Proposed  Tennessee 
Colony  Reservoir  Area,  Trinity  River,  Texas  vas  prepared  by 
Martha  Robins  Stokes  under  the  supervision  ot'  Dr.  Hershel 
L .  Jones 


*** 


A  supplemental  study  was  made  of  the  oil  and  gas  veils 
of  the  Tennessee  Colony  Reservoir  area  using  1953  (updated 
to  1963)  Heydrick  ownership  and  oil  development  maps  by 
Acme  Map  Co.,  Tyler,  Texas.  Six  eaps  were  used  covering 
portions  of  Anderson,  Freestone,  Henderson,  and  Navarro 
counties,  nased  on  the  eaps,  a  count  revealed  414  wells  in 
the  floodplain  (flood  pool  elevation  297  feet)  of  the 
proposed  Tennessee  Colony  Reservoir  area.  Two  hundred  and 
forty  of  these  wells  were  shown  to  be  producing,  with  the 
remainder  being  dry  or  abandoned.  The  breakdown  is  as 


follows: 

Producing  oil  wells  164 

Producing  gas  wells  64 

Producing  gas  and  oil  distillate 

Total  240 

Dry  or  abandoned  holes  130 

Abandoned  oil  38 

Abandoned  gas  and  oil  distillate  1 

Abandoned  gas  5_ 

Total  174“ 


Due  to  the  limited  tine  available  for  this  study,  six 
percent  ot  the  total  wells  were  randomly  sampled  and 
further  investigated  in  an  attempt  to  determine  what 
percentage  of  the  shown  producing  wells  were  still 
producing  and  to  determine  what  percentage  of  thoso  shown 
to  he  abandoned  or  depleted  were  plugqed  and  the  plugging 
techniques.  On  the  basis  of  this  information,  an  attempt 
was  made  to  statistically  determine  the  number  of  wells 
still  in  production;  the  number  of  wells  abandoned  or 
depleted;  and  the  number  plugged  and  the  plugging 
techniques. 

The  investigation  was  accomplished  by  usinq  the 
available  records  foe  District  Five  and  six  at  the  Railroad 
Commissioner’s  Office  in  Kil’ore,  Texas.  This  amounted  to 
checking  the  records  and  da* a  on  13  producing  (including  2 


shut-in)  and  12  dry  or  abandoned  wells  (some  plugged  and 
lose  i  ot.  plugged)  . 

I'Uring  the  course  of  this  study,  problems  arose  that 
squired  changes  in  well  sampling  techniques,  possibly 
if  feeling  the  accuracy  of  the  data  obtained.  The  antiquated 
laps  and  in  some  cases  the  inconplete  records,  (drilling, 
ieepening,  and  plug-back)  on  file  at  the  Hailroad 
Jommissioner 1 s  Office  due  to  the  negligence  of  oil  and  gas 
operators,  are  examples  of  problems  encountered.  The 
verging  and  liquidating  of  leases  and  operators  and  the 
renuebering  of  wells  by  the  new  operators  when  leases  are 
changed  altered  sampling  techniques. 

The  assistance  of  the  employees  in  the  records  room 
was  essential  because  in  many  cases  wells  that  were  shown 
>n  the  naps  did  not  exist  any  longer,  or  existed  as  a  newly 
numbered  well  or  on  a  new  lease  with  a  new  operator. 

Producing  wells  had  to  be  checked  by  using  both  the 
tiles  (drilling  or  deepening  records  only)  and  the  Gas  and 
oil  Schedules  for  District  Five  and  Six  and  the  Gas  and  Oil 
Production  Schedules  for  District  Five  arrd  Six.  These 
schedules  consist  of  current  conputer-printed  information 
by  county,  field,  operator,  lease,  and  well  number.  They 
live  monthly  allowables  and  monthly  production  per  thousand 
cubic  feet  or  barrels  for  the  lease  and  individual  wells. 

of  the  13  wells  shown  as  producing,  records  indicate 
that  5,  or  approximately  38  percent,  have  been  depleted, 
shut-in,  or  abandoned  (see  Table  IV-08) .  Assuming  this 
figure  to  be  representative,  approximately  147  wells  should 
still  be  in  production.  Wells  drilled  since  1963  do  not 
appear  on  the  maps  and  are  therefore  not  included  in  this 
survey.  It  should  be  noted,  however,  that  exploration  and 
development  has  continually  occurred  since  that  time,  and 
the  above  data  does  not  reflect  the  current  situation. 

Two  of  the  12  dry  and  abandoned  wells  sampled  (or 
approximately  20  percent)  were  not  plugged  and  the  files 
contained  no  record  of  plugging.  Utilizing  the  figure  of  20 
percent,  approximately  34  of  the  147  dry  and  abandoned 
wells  would  not  be  plugqed  (see  Table  IV-09)  . 

In  addition,  1  of  the  5  wells,  or  approximately  20 
percent  of  the  dry  and  abandoned  wells  that  were  shown  to 
be  producing  on  the  maps,  contained  no  record  of  plugging. 


Thus,  approximately  18  of  93  dry  aid  abandoned  walls  were 
not  plugged*  giving  a  grand  total  ot  52  walls  not  plugged 
in  the  Tennessee  colony  Heservoir  area. 

Information  froa  the  files  shows  that  the  plugged 
wells  surveyed  conforaed  essertially  to  the  general 
conservation  rules  and  regulations  of  statewide  application 
as  set  forth  by  the  Railroad  Coaaission  of  Texas,  1964 
Recodification,  suppliaented  to  dune  1,  1973  (see  Table  IV- 
11). 


Data  pertaining  to  production  and  plugging  techniques 
are  found  in  Tables  1V-10  and  IT-11,  respectively. 

Hr.  Janes  smith.  Director  of  the  District  Pive  and  six 
Railroad  Coasission,  is  well  qualified  to  render  a  decision 
based  on  his  experience  and  knowledge  of  the  area, 
pertaining  to  the  overall  plugging  conditions  and  the 
potential  likelihood  of  pollution  resulting  from  future 
blowouts.  He  has  indicated  a  willingness  to  cooperate  in 
this  natter,  and  it  is  recoaaended  that  he  be  asked  to 
submit  a  written  stateaent  to  this  effect. 


Table  IV-08 .  Randomly  selected  producing  wells,  including  2  shut-in  wells,  Tennessee  Colony 
Reservoir  area,  Trinity  River  Texas. 
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Table  IV-09.  Randomly  selected  dry  and  abandoned  wells,  plugged  and  unplugged,  Tennessee 
Colony  Reservoir  area.  Trinity  River,  Texas 
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of  the  (Dry)  Weinschel  Tarkinton,  A-593 
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Table  1V-10.  Production  data  of  randomly  selected  producing  wells,  including  two  shut- 
in  wells,  Tennessee  Colony,  Trinity  River,  Texas 


Platform  Total  Surface  Casing, 

Well  No.*  Type  Well  Elevation  Depth  Top  Pay  Perforations  Producing  Oil  String , Tubing 


I 


H 

- 

- 

r** 

o 

• 

• 

• 

in 

00 

o 

- 

• 

- 

• 

CM 

• 

vO 

• 

• 

• 

» 

at 

• 

- 

• 

CM 

CO 

CO 

O 

CM 

o 

H 

ot 

CO 

ro 

CO 

o 

in 

r* 

VO 

CM 

CM 

• 

GO 

ot 

CO 

r** 

in 

VO 

• 

'  CO 

o 

T—i 

o 

at 

O 

in 

CO 

in 

CO 

* 

CM 

vo 

tn 

• 

CO 

1 

1 

•H 

CO 

CO 

CO 

I 

CO 

CO 

r* 

CO 

1 

i 

i 

s 

I 

z 

1 

i 

1 

1 

B 

1 

co 

1 

i 

00 

t 

• 

z 

tp 

s 

co 

B 

s 

s 

c 

s 

CM 

B 

i 

CM 

CO 

cm 

CO 

\  co 

\ 

CM 

00 

CM 

CM 

00 

CM 

r* 

\ 

V 

co 

CO 

i 

\ 

V 

\ 

\ 

CO 

\ 

1 

\ 

\ 

i 

in 

fH 

co 

I 

m 

1 

rH 

in 

H 

rH 

1 

H 

m 

r-4 

l 

1 

l 

o 

I 

O 

* 

1 

i 

1 

1 

o 

1 

B 

i 

» 

s 

OD 

CM 

•H 

vO 

rH 

r- 

CM 

CD 

in 

CM 

rH 

in 

CM 

00 

CM 

* 

CO 

rH 

r* 

fa 

co 

Pm 

co 

A 

co 

o» 

• 

o  co 

• 

r- 

U 

r* 

A 

r- 

c 

• 

£  r- 

H 

• 

X 

• 

CM 

• 

rH 

•H 

4J 

CO 

A 

• 

• 

• 

> 

• 

O 

in 

• 

A 

V 

GO 

** 

4J 

CM 

O 

rH 

O 

to 

*» 

fM 

O 

5f 

o 

* 

u 

- 

rH 

A 

1 

* 

o 

i D 

o 

H 

o 

00 

o 

rH 

44 

A 

o 

CM 

o 

228j 

1 

1 

00 

O' 

i 

O 

1 

| 

O' 

CO 

O' 

*> 

P 

1 

0 

| 

<0  1 

CO 

O' 

_ 

O' 

rH 

C  u 

a 

M 

1 

p 

I 

U  1 

VP 

o 

CO 

SO 

0  0 

0 

O 

1 

| 

(0  1 

- 

» 

■A  CU 

•A 

04 

1 

• 

1 

Q  l 

O' 

*f  O' 

o 

O' 

CM 

• 

to  0) 

m 

0) 

1 

in 

1 

1 

3 

O'  9 

-  4-> 

in 

CM 

- 

to  W 

to 

U 

1 

CM 

0) 

1 

O'  1 

rH 

10  i — 1 

o 

»H 

10 

m 

CO 

*rl 

•r4 

1 

10 

0 

| 

C  I 

04 

I  Pi 

1*1  - 

04 

I 

V0 

CO 

a  o 

a 

0 

1 

CM 

<0 

*0  l 

•r4  1 

1  o 

• 

1 

a  c 

a 

c 

1 

HH 

C  1 

O'  1 

-U 

1*1  4-* 

-  1*1 

P 

in 

■P 

-  » 

0 

0 

»0 

0 

Vi 

10  1 

O'  1 

c 

O'  C 

w 

C 

r* 

C 

O'  o 

O  4J 

u 

P 

0) 

0 

G 

1 

0  l 

0) 

f"  at 

vp  a 

0) 

r- 

0) 

H  1 

9 

0 

*0 

M 

CO 

1 

H  1 

a 

m  a 

10  o 

0 

CO 

6 

10  - 

13  X> 

n 

A 

n 

4H 

4)  1 

04  1 

0) 

4) 

P 

0) 

0) 

co 

« 

10 

0 

p 

tp  1 

O 

a  o 

a  >w 

U 

0 

6  <*> 

0  D 

0 

*0 

0 

O' 

10 

tp  1 

1 

0 

o 

- 

0 

0 

44  <l) 

04 

0) 

0) 

0  - 

0) 

t  c  to  < 

»0 

1  0  to  1 

- 

X 

I  H  0)  1 

in 

0) 

1  *j  a  1 

O' 

1 

t  <0  X  1 

1 

• 

• 

1  a  0  1 

0 

N* 

0* 

« 

1  p  -A  1 

O'  H 

O' 

0 

u 

1  O  .9  1 

O'  *H 

O' 

0 

a> 

1  fa  £4  1 

cn  0 

ro 

"T 

1 

A  l 

'0 

1 

P  1 

c 

P 

1 

04  1 

<0 

•H 

1 

0>  1 

* 

c 

1 

0  i 

00 

>1 

■rf 

1 

1 

CM 

u 

V4 

1 

*H  1 

O 

no 

1 

10  1 

1 

1 

T> 

1 

0  1 

0) 

<0 

» 

H  1 

p 

a» 

1 

1 

0 

14 

1 

1 

V 

<0 

» 

1 

rH 

1 

n  1 

CM 

a 

V4 

1 

<u  1 

V0 

w 

•H 

1 

0) 

O'  1 

\ 

0 

1 

P 

O'  1 

O 

>1 

> 

1 

10 

D  1 

«H 

*“•4 

i-4 

1 

0 

H  1 

N 

0 

<u 

1 

04  1 

OO 

0 

in 

1 

1 

'd 

<L 

1 

1 

c 

C* 

1 

1 

<0 

1 

0 

c  1 

n 

>1 

1 

u 

0  1 

c 

1 

0 

•H  1 

P 

0 

1 

M-# 

4J  | 

0 

H 

» 

P 

<0  1 

•• 

0 

1 

<0 

>  1 

CO 

<0 

0 

1 

fH 

0)  1 

in 

P 

1 

Pi 

r-4  | 

CM 

>0 

<v 

1 

w  1 

0> 

* 

1 

in 

1 

1 

O' 

in 

1 

1 

c 

a> 

I 

1 

•H 

c 

1 

•-4  1 

'O 

O' 

c 

1 

*H  1 

Q> 

O' 

0) 

1 

QJ  1 

C 

0 

1 

S  » 

0 

»*4 

1 

1 

03 

% 

1 

<D  1 

C 

V 

t 

Q#  I 

<0 

V 

1 

>.  1 

A 

* 

0* 

1 

G*  1 

< 

4-4 

O' 

1 

1 

4 

0 

1 

1 

1 

1 

•  1 

> 

a. 

» 

c 

\ 

0  r 

■ 

1 

x  o'  «m  X  <m  x 
to  r-  <#  ip  to 
m  >o  iP  D 
m  so  90 

m  B  <-t  B  h 


*44  X  <4H  X 

U1  to 

•0  13 

9  0  9  0 
B  H  8  H 


-  O 
O  O  4-> 

O  o  o 
o  on  C 


13  V 
V  t)  <-l 
C  O'  r-4 

o  O'  a) 
fl  3  > 
C  rH 
(3  CM  H 

a  -a 
<  <*  o 


A 

A 

1*1 

A 

u 

4-1  13 

13  a 

•H 

c 

•rt  C 

>1 

C  0 

? 

(fl 

»  <0 

It) 

It)  -A 

Pi 

10  4-> 

03 

13 

13  13 

It) 

a) 

0) 

V  4> 

<44 

<14  M 

iH 

i — 1  »-4 

O 

0  O 

•H 

iH 

-r-i  f A 

<44 

•H 

*44  -H 

Pi 

Pi  >4 

U 

U 

O 

O  4) 

■P 

*0 

4J  13 

64  Pi 

s  o  « 

•r4  s 


S  O  it) 
•H  5 


T3 

■u 

T) 

JJ 

0) 

O  O' 

0} 

U  O' 

O 

V  c 

a)  c 

0) 

P4-H 

cn 

P4  -A 

V) 

(0  0’ 

cn 

to  O' 

• 

S0 

•H 

C  0' 

•H 

C  O' 

01 

■i4  9 

••4  9 

O' 

IN 

rH 

»H 

«H 

•H 

CM 

iH 

13  0, 

iH 

TJ  Pi 

•H 

iH 

•H 

rH 

U 

01  Ip 

o;  ip 

*0 

•H  0 

•o 

•H  0 

u< 

1*4 

4J  4)  t 

•h  o  a 
a  p 

P  <M 
aj  <p  u 
Pi  O  O 


o  13 

■M  >4 

•  O 

4J  01  O 

■a  u  at 
a  -a  p 

U  <4H 

a>  m 

Pi  O  O 


tA  in  • 
Oil-  X 
in  to 

•  04 

o  o 

in  i-h 


No 
ed  we 
i  1  ed . 

.  No 

ed  we 
iled. 

O' 

0 

O 

IN  1-4  <44 

fM  r4  44 

G 

O' 

\P 

10 

VP  It) 

IP  * 

■H 

•  m 

\ 

\ 

O'  a)  n 

Oi  0)  44 

fH 

rH  \ 

fH 

O' 

r-4  >  <u 

rH  >  a) 

fH 

04  Hi 

rH 

<N 

<u  > 

tu  > 

«H 

a  m 

\ 

\ 

-  >4  <3 

-pa> 

M 

0  \ 

rH 

O' 

>* 

It)  9  to 

>1 

*  C  to 

O 

0  1*1 

fH 

D  13 

a»  a)  rH 

C  tJ'rl 

O  O'  0) 
U  9  S 
a  h 

it)  Qi  «-t 

xi  a  -a 
<90 


\ 

1 

£ 

1 

1 

A 

1 

P 

l 

1 

H* 

1 

er 

f 

1 

M 

1 

H-* 

to 

*-• 

1 

M* 

t- 

W 

1 

1 

2! 

1 

1 

a> 

1 

0 

1 

M 

v 

1 

• 

J 

< 

1 

t 

* 

1 

1 

H-* 

i 

J 

1 

H * 

1  v  a 

•8  O 

V  o 

tO  u  > 

o  e  > 

*0  o 

1 

1 

'  t-  M 

t-  M 

H  H 

A  M  O' 

K  3  O' 

M  H 

f 

* 

i  C  < 

e  *< 

C  K 

mew 

t-13  W 

c 

t 

*0 

1 

O 

1  *o 

«o 

«fi 

tO  3 

t-“  3 

UQ 

i 

A 

1 

0 

«o 

«j3 

iQ 

<4  a 

c  e  a 

1 

i 

13 

(V 

a 

ft 

A  A  0 

A  tO  0 

(0 

1 

£ 

1 

ft 

CL 

a 

Qi 

*-*  0.  3 

HtQ  3 

a 

1 

A 

1 

• 

1 

M  ® 

M  A  A 

! 

t- 

1 

1 

i 

0* 

a  a 

1 

1 

1 

!-• 

1 

1 

1 

i 

1 

t 

M 

1 

1 

I 

1 

i 

K) 

1 

to 

w 

1 

t-*  *d 

1 

J  1 

i 

i£> 

1 

09 

o 

♦ 

A  t-1 

1 

!  i 

i 

O 

1 

to 

00 

1 

<  w 

1 

- 

« 

- 

\ 

W  ft 

1 

* 

1 

1 

ft  Hi 
h-  O 

< 

1 

0  M 

1 

1 

1 

3  8 

» 

J 

<y* 

i-1 

LO 

1-* 

1 

Ul 

i 

t> 

1 

1 

1 

\ 

s 

X 

s 

1 

\ 

» 

t-  D 

1 

t~> 

K-1 

t-* 

1 

KJ 

1 

P  ft 

1 

Ul 

h-1 

00 

4k 

1 

Ul 

1 

tQ  ft 

1 

\ 

\ 

V 

X 

t 

\ 

t 

tO  A 

1 

<71 

<n 

cr» 

-J 

1 

Ul 

i 

A 

» 

N> 

■ft 

u> 

M 

1 

to 

CL 

! 

03 

«  4k 

Ul 

>4 

o 

CO  H* 

cn 

£  N> 

Ul 

< 

w 

•P 

O  LJ 

it* 

o 

< 

0  M 

ft 

0  to 

u» 

1 

M 

a\ 

0  Ul 

to 

* 

A 

fit  > 

3 

0  to 

M 

1 

o 

a  i- 

cn 

9 

H 

0  'J 

a 

CL  ~4 

00 

1 

a 

O"  - 

• 

• 

X  o 

O'  - 

- 

I 

A 

e- 

1  o 

H* 

1 

V 

3 

«• 

3 

J 

ft 

A 

A 

1 

1 

i 

3- 

i 

1 

i 

1 

KJ  i-9 

o 

10 

Ul  CO 

i 

1 

1 

H 

i 

1 

I 

1 

to  O 

Ml  0 

ts)  P 

f 

3- 

t 

1 

l 

t 

to  *0 

p 

Ul  3 

1 

H- 

f 

1 

I 

1 

to 

0 

H* 

Ul  0i 

1 

n 

t 

1 

t 

1 

-  O 

H 

-  1 

1 

3T 

t 

1 

l 

1 

Ml 

Ul 

1 

3 

i 

1 

i 

f 

01 

<  M 

1 

A 

i 

1 

i 

1 

•o 

3*  X  to 

1 

m 

i 

f 

i 

1 

ft 

O 

VD 

1 

w 

< 

- 

1 

< 

Ul 

ui 

Ul 

CO 

Ul 

Ul 

Ul  Ul 

00 

00 

Ul 

Ul 

A 

u* 

Ul 

Ul 

1 

Ul 

Ul  u> 

1 

1 

Ul 

M 

Ul 

CO 

Ul 

Ul 

Ul 

U 

a 

0) 

CO 

CO 

N 

X 

CO 

CO  ID  CO 

\ 

X 

X 

CO 

A 

X 

X 

X 

CD 

« 

X 

X  00  X 

00 

03 

• 

X 

CL 

• 

• 

• 

s 

• 

•  (0  1 

3 

a 

• 

i 

ft 

• 

1 

1 

0> 

•o 

09 

N» 

-si 

ft 

hi 

Ht  n 

Kl 

ft 

ft 

M 

O 

H 

H 

U 

M 

M  A 

cn 

M 

0 

ft 

O 

0 

0 

Kl 

ft 

O 

0  9 

o  a  *o 

ft 

• 

0 

0 

• 

0 

0 

9  A 

• 

•  B 

A 

1 

•a 

3 

• 

t* 

Ul 

-J 

Ul 

-j  *0 

Ul 

ui  ft  <a  *o 

Ml  O 

O 

o 

0> 

a> 

c 

o 

Y-* 

Ul 

e 

P 

ft 

~ 

3 

o 

Ul 

o 

ft 

Ml  at 

O  Hi 

ft 

ft 

0 

- 

o 

o 

• 

-  H 

A 

O' 

ft 

• 

• 

H- 

w 

0 

M- 

M* 

0 

0 

1 

i 

3 

e 

1 

1  9 

3 

3 

ft 

*o 

Ul 

-si 

H 

It 

Ul 

Ul 

et 

Hi 

Kl 

ft  ft 

* 

•> 

0 

« 

o 

o 

ft 

Ul  o 

9 

e 

o 

o 

t- 

O 

O  09 

»- 

M 

• 

• 

A 

A 

- 

-  * 

A 

ft 

M 

1 

Ml 

- 

Hi 

Ml 

Ul 

6£  Z 

ft 

1 

ft 

ft 

o 

H* 

N) 

H  M* 

a 

O 

o 

o  o 

Ul 

ft  O  4  O 

(0 

CO 

4k  CB 

Ul  Ul 

X 

X 

Ul  X 

m  a  iu  m 

* 

«*  ft 

iO  K  O  M 

«  *  •  » 

rr 

rt 

o 

0 

0 

ft  ft 

♦o 

*0 

0  0 

V  V 

a 

ft 

M 

- 

09 

■ft  to 

» 

to 

H  O 

Ul 

o' 

m 

O  W 

• 

0 

i 

ts  Q 

ft 

er 

1  1 

O' 

ft 

0 

O'  O' 

0 

0 

rt 

0  0 

ft 

9 

ft 

ft  ft 

rr 

0 

ft  ft 

►9 

o 

ft 


•*» 

o 

H 

8 

8 

rr 

M- 

O 

3 


t 


*6)1  *d  'Btl  -oss  'AsAjns  xb3T6oT°®9 

BTU-pfijTA  4S8M  '  BTUT6jT/\  qsaM  ut  sjeod  iejsutw  30 

83T;sfi3;oEiBqo  ut  a  •  s ■[Boo  aqq  ut  squatnaxa 

OTuafejoux  am  *  5S6T  *aaqunn  *3  "  H  pus  ’M'fV  'aaipeaH 

•  £802-5802  *dd 

'Ofr'A  4  "uiaqo  *ieuv  •  Aa  qauioqoqdo  jqoads  uoT^diosqB 
otuio^b  Aq  Aanoaaui  30  setqiquBnb  uiea6o joTUi-qns 
30  uox^au-puiaaqaa  *8961  ’330  "I  ’M  PUB  *y  *M  4qo3BH 

•dd6EP  'PS  •qssAUi  ‘day  'SBxax 
30  *at un  4A6oxaD  'uoog  neajng  -SBxax  ossa  30 
seoanosaa  -[eaauTui  pus  ijooy  *S96T  *T*  Ts  '"I  ’M  'aaqsri 

•dd  p9T  'OS  •qssAUi  -day 
'SBxaj,  30  ‘  ATUfl  'A6o-[oaD  •  UOS3  nBajng  *UTBid 
3SBO0  31^0  SBxai  aq3  30  sa^TUbji  *E96T  "1  *M  'aaqsxj 

•  uoTqsnqTs  Aanojara  saauaoo  jtnoy  aqq 
6utpjb6bi  uosaepuv  *d  U03UTX3  joqsuas  03  squauiuioa 
V<J3  paiTB^aa  *X£6T  "AouaBv  uoposqojd  -[B^uauiuootTAua 

■ 6P  • d  'CP9  JEinoa^o  AaAjns 
XBoxBoxoaD  ‘saqeqs  pa3Tun  aq3  30  sja3B«  ao®3 
-ans  ut  squauiaqa  ioutu  paqoafas  30  aauBSspBUUooay 

*0£6T  *  T°PT®H  *0  '  S  pus  'osH  ’d  '  C  '*H  *M  'tnnana 

•dd  6 

'PS  qjroday  *6o ay  *qoax  sauTHng  • XBoo  30  uoxqsnq 
-uioo  aqq  u-p  Aanoaeui  aosi;  30  a3«3  'ZL6T  *uajeH 

•  c  *y  pUB  'zqxnqos  ’H  4ubui33bh  *V  -3  '’3  *3  '  maTQ 

*6P  *d  1 JTB  UT 

Aanoaaw  *1461  '8  qoasw  •  swafj  fiUTJaauxBuy  pus  x*°Tu,®M0 

’  1 13  -d  'sauipi  Jfao*  M3N  aqi 

•maxqoad  uoTqnxiod  jtb  ub  sb  Ajnoiaw  *X£6T  ’0  'P^TH 

• OOBM  '^XTSjaATUn 
aoxAsg  'STsaqq  sjaqsaw  paqsxxqndlin  *  saxai 
'oaoqsxXTH  03  uo3X®8  WOJ3  joptjioo  q3**oa6  .'SC 
e^B^sorequi  6uoxa  ABoxoaB  uaqjfi  'ZL&T  ’3  *3  'utmpxbS 

’  P9T-S0T  s  P  *ou  -ass 
•tos  uajpunoj  '’Ayun  *M3®W  *q3nos  ■  bbxsj,  x®^^uao 
30  BaiB  oobm  30  B3B338  3uaoB f pb  pus  auxqpooM 
eq3  ux  seat  oobm  'paoj  ax6®a  pus  eu-rqpooM  aq3 
30  Aqdea6T3Ba3S  -TS6T  *ozoq  *g  -y  pue  -s  *M  'sutj(X»V 

S33N3M333H  30  1SZ1 


■1 

Ot 


4 


231 


Hearings  before  the  Committee  On  Interior  and  Insular 
Affairs*  U.  S.  Senate  92nd  Congress.  1971. 

Problems  of  electrical  production  in  the  S6uth- 
west.  Albuquerque,  5  parts,  part  1,  U.  S.  Gov't. 
Printing  Office. 

Hendricks,  L .  1967.  Comanchean  stratigraphy  of  the 

Cretaceous  of  North  Texas.  Comanchean 

(Lower  Cretaceous)  stratigraphy  and  paleontology 
of  Texas.  Soc.  Eicon.  Paleontologists  and 
Mineralogists  (Permian  Basin  Section)  Pub.  67-8t 
51-63,  Midland,  Texas. 

Hill,  R.  T.  1887-a.  The  topography  and  geology  of  the 
Cross  Timbers  and  surrounding  regions  in'  northern 
Texas,  American  Journal  of  Science,  vol.  33,  p. 
291-309. 

Hill,  R.  T.  1887-b.  The  TexaB  section  of  the  American 
Cretaceous,  American  Journal  of  Science,  vol.  34, 
p.  287-309. 

Hughes,  L.  S.  ans  W.  Shelby.  1962.  Chemical  compo¬ 
sition  of  Texas  surface  waters,  1959.  Tex.  Water 
Comm.,  Bull.  620'j,  103pp. 

Joensuu ,  0.  I.  1971.  Fossil  fuels  as  a  source  of 

Mercury  pollution.  Science,  v.  172,  pp.  1027-1028. 

Lahee ,  F.  w.  1933.  The  Keechi  and  Palestine  salt 

domes,  Texas.  Guidebook  6,  16th  Intern.  Geol. 

Congr.,  Washington,  77-82. 

Leifeste,  D.  K.  and  L.  S.  Hughes.  1967.  Reconnaissance 
of  the  chemical  quality  of  surface  waters  of  the 
Trinity  River  Basin,  Texas.  Tex.  Water  Develop. 
Bd.,  Rep.  67,  65pp. 

Lockwood,  M.  G.,  et  al_.  1960.  Surface  runoff  from 
Texas  watersheds  and  sub-basins.  Tex.  Bd.  of 
Water  Engineers,  Bull.  6001,  121pp. 

Moreman,  W.  L.  1972.  Fossil  zones  of  the  Eagle  Ford 
of  North  Texas,  Journal  of  Paleontology,  vol.  1, 
p.  89-101,  Pis.  13-16. 

Osborne,  F.  L.  Jr.  1960.  Brine  production  and  disposal 
on  the  lower  watershed  of  chambers  and  Richland 
Creeks,  Navarro  County,  Texas*  with  a  section  on 
the  quality  of  water  by  U.  M.  Shamburger,  Jr., 

Texas  Bd.  of  Water  Engineers,  Bull  6002,  66pp. 


Ruch,  R.  R. ,  H.  J.  Gluskoter,  and  J.  E.  Kennedy.  1971. 
Mercury  content  of  Illinois  coals.  Illinois 
Geological  Survey,  Environmental  Geology  Notes, 

No.  43,  14pp. 

Schlesinger,  M.  D.  and  H.  Schultz.  1971.  Analysis 

for  mercury  in  coal.  BuMines  Tech.  Prog.  Report 
43,  4pp. 

Schultz,  H.  1972.  An  evaluation  of  methods  for 

detecting  mercury  in  some  U.  S.  coals.  BuMines 
Report  of  Inv.  7609,  11pp. 

State  Health  Department  Air  Pollution  Control  Services. 
1972.  Report  on  findings.  An  environmental 
impact  study  of  the  American  Smelting  and  Refining 
Company's  zinc  smelter,  Amarillo,  Texas. 

Stephen  F.  Austin  State  University.  1972a.  Environ¬ 
mental  and  cultural  impact  of  the  proposed 
Tennessee  Colony  Reservoir,  Trinity  River,  Texas. 
Nacogdoches,  Texas,  4  vol . 

Stephen  F.  Austin  State  University.  1972b.  A  survey  of 
the  environmental  and  cultural  resources  of  the 
Trinity  River,  Texas,  Nacogdoches,  Texas,  7  vol. 

U.  S.  Geological  Survey.  1970.  Mercury  in  the  Environ¬ 
ment.  Prof.  Paper  713,  67pp. 

U.  S.  Public  Health  Service.  1962.  Drinking  water 

standards,  U.  S.  Public  Health  Service  Pub.  956, 
61pp. 


university  of  Texas,  Bureau  of  Economic  Geologyt 
Geologic  Atlas  of  Texas:  scale  1:250,000, 

Beaumont  Sheet 
Dallas  Sheet,  1972 
Palestine  sheet,  1967 
Tyler  Sheet,  1964 
Waco  Sheet,  1970 


CIIAL’TKH  V 


ZOOLOGICAL  ELEMENTS 


by 


Charles  D.  fisher 
(Birds  6  Maiaals) 

and 

Darrell  D.  Hall 
(Fishes) 


with  the  assistance  of 

Robert  Ci  >p 
Donald  Ed: on 
Linley  Ri:  ner 
Jeffrey  Set  ultz 
David  Ho] f 


TABLE  OF  CONTENTS 


(Mammals  &  Birds) 


Introduction .  234 

Materials  and  Methods..... .  234 

Description  of  the  study  Areas .  214 

Tran  sect  1 . . .  2  36 

Transect  2 .  236 

Transect  3 . 241 

Transect  4 .  241 

Transect  5... . 242 

Transect  6 .  242 

Transect  7 .  243 

Transect  8 .  243 

Transect  9 .  244 

Transect  10 .  244 

Censusing  Techniques .  245 

Results  and  Discussion . 247 

Small  Mammals .  247 

Larger  Mammals.. .  252 

All  Mammals .  255 

Transect  Studies  of  Birds .  260 

Non-transect  Studies  of  Birds .  270 

Summary . 278 


(Fishes) 


Introduction . 281 

Materials  and  Methods .  283 

Study  Areas..... .  285 

Additional  Species  Records .  285 

Fisheries  Research  Data .  290 

Discussion .  305 

Fish  Species  Profile  Analyses .  305 

Reservoir  Fisheries  Management  Problems .  330 

Distribution  of  Fishes  in  the  Trinity  River 

System .  331 

Summary .  335 

List  of  References  (both  sections) .  344 

Appendix  (both  sections) .  351 


ZOOLOGICAL  ELEMENTS  -  MAMMALS  AND  BIRDS 


INTRODUCTION 

In  order  to  evaluate  present  environnental  conditions 
in  any  designated  geographical  area  or  region,  it  i r. 
essential  to  have  quantitative  data  pertaining  to  as  many 
environnental  paraaeters  as  possible.  Such  data  also  allow 
coaparisons  between  sites  or  regions  and  serve  as  a  basis 
for  asking  predictions  of  future  changes.  Although  avian 
and  aaaaalian  faunas  are  a  saall  part  of  the  total 
terrestrial  aniaal  population,  they  are  of  particular 
interest  because  of  their  econoaic  and  aesthetic  values, 
and  because  of  their  widespread  use  as  ecological 
indicators  of  environnental  quality  and  change. 

owing  to  their  relative  conspicuousness  and  abundance, 
it  is  soeewhat  easier  to  gather  quantitative  data  on  birds 
than  it  is  on  aaaaals  (or  other  kinds  of  terrestrial 
vertebrates).  Birds  also  appear  to  be  quite  sensitive  to 
quantitative  and  qualitative  changes  in  the  environment. 
Fluctuations  in  kinds  or  nuebers  of  birds  are  often  one  of 
the  first  clues  of  significant  alterations  in  the  overall 
ecology  of  an  area.  It  is  therefore  worthwhile  to 
accurately  describe  and  enumerate  bird  populations  and  to 
assign  a  high  importance  value  to  this  biological  parameter 
in  any  evaluation  or  eodol  of  environnental  guality. 

The  purpose  of  this  eleeent  of  the  study  was  to 
provide  quantitative  data  on  bird  and  aaemal  populations  at 
ten  different  study  areas  along  the  Trinity  River. 
Populations  at  these  sites  were  compared  with  each  other 
and  were  correlated  with  a  quantitative  estimate  of  habitat 
diversity  at  each  site.  Comparisons  were  also  made  between 
three  arbitrarily  designated  river  reqions  (upper,  middle, 
and  lower) ,  and  seasonal  changes  in  population  size  ind 
composition  were  documented.  Finally,  indices  of  species 
diversity  were  computed  for  both  bird  and  mammal 
populations  at  each  of  the  ten  study  areas,  for  each  of  the 
three  river  sections,  and  for  the  Trinity  River  as  a  whole. 

MATERIALS  AND  METHODS 

The  general  location  of  the  ten  study  areas  along  tie 
Trinity  River  are  shown  in  Figure  v-01.  At  each  study  area 
a  1,500  meter  transect  line  (approximately  one  mile)  was 
laid  out  and  marked  by  surveyor*:;  flagging  tape  every  1*> 
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Figure  V-01.  Sketch  map  of  the  Trinity  River 

showing  general  location  of  the  ten  transects 
where  mammal  and  bird  studies  were  conducted. 
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meters,  thus  creating  loo  "stations"  alter  the  starting 
point.  Distances  were  pleasured  by  pacing.  The  direction  of 
a  particular  transect  line  varied  because  of  artificial  and 
natural  topographic  features,  hut  an  effort  was  made  to 
avoid  frequent  or  sharp  turns.  Bach  transect  vas  usually 
set  up  to  traverse  aore  than  one  kind  of  habit.it,  though 
this  policy  vas  not  always  adhered  to.  A  suanary  outline  ot 
each  transect  follows  and  Table  V-01  describes  the 
direction  and  habitats  of  each  of  the  ten  transects  (see 
also  Table  ¥-02) . 


££afi38£i-l2&.J 

Location:  extreae  eastern  Tarrant  County,  just  south  of  the 
Greater  southwest  International  Airport,  on  the  north  side 
of  the  Trinity  River  and  on  the  east  side  of  Highway  160. 
Starting  point;  about  200  Meters  east  of  Highway  360  and  JO 

»e:ers  south  of  a  railroad  track.  Habitat _ dgs^ryption : 

rather  hilly  topography;  scrub  oaks  and  scattered  mesquite 
on  upland  sites:  open  cedar  eln  forests  on  the  narrow  river 
floodplain;  large  cottonwoods  and  willows  alonq  the  river; 

frequent  grassy  or  scrubby  clearings.  G§ng£dl _ comments: 

very  h<»avy  huaan  use,  principally  Motorbike  riding  and 
hoiseback  riding;  auch  noise  disturbance  from  railroad 
trains  and  fcoa  airplanes  landing  and  takinq  oft  at  the 
airport;  light  livestock  grazing  by  horse;;  in  the  eastern 
part  of  tho  study  area;  frequent  target  shooting  and  "pot- 
shooting"  along  the  river;  the  transect  runs  in  a  general 
eastward  direction  between  the  river  (touching  it  at  one 
point)  and  the  Main  B-W  railroad  track. 

lE3Q3SSl.li2a.-2 

Locatjon:  Dallas  County,  Fin  and  Feather  Club  on  the 
southeast  side  of  Dallas  6n  the  west  side  of  the  river  just 
north  of  the  Dowdy  Ferry  Road  bridge.  §£agtjnqi.poijr)t ;  north 
s  de  of  the  Fin  and  Feather  Club  lake,  about  one  mile  north 
o  the  aain  clubhouse.  Habitat _4S§SE.iE£i2Bi  open,  heavily 
ci  tover  floodplain  forest  dominated  by  cedar  elms  and  oaks; 
a.  ny  large  cottonwoods  were  rocently  reaoved ;  frequent 
p  les  of  brush;  little  ground  cover;  very  homogeneous 
h<  bitat.  General  comments:  tha  transect  parallels  the  riv«r 
f<  r  Most  of  its  length,  following  rather  closely  » 
bill dozed  track  which  lies  between  the  river  and  a  dike 
along  the  shore  of  the  Fin  and  Feather  Club  lake;  tor  the 
first  ten  stations  the  transect  proceeds  northerly  toward 
tie  river,  crossinq  the  dike;  the  transect  than  turns  right 
and  follows  the  river  downstream  (touching  the  river  bank 
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Table  V-01. 

Suaaary  description  of  Transect:;  1-10 

station  Mo. 

coapass  Heading 

General  Habitat 

TRAM SECT 

NO.  1 

1-10 

115 

dry  woodland 

10-20 

M 

wet  thickets  and  grasses 

20-30 

•1 

wet  woodland 

30-50 

090 

wooded  slope 

50-58 

165 

thickets  and  forest  edge 

58-76 

150 

brushy  field 

76-100 

150-170 

thickets,  grasslands. 

8  forest  edge 

TRANSECT 

NO.  2 

1-10 

360 

bottomland  forest 

10-100 

NE,  gradually 

H 

curving  to  JS 
and  SB 


1-30 

30- 100 

TRANSECT  NO.  3 

320  forest  edge 

270  bottomland  forest 

THAN SECT  NO.  4 

1-12 

180 

forest  edge 

12-80 

140 

bottomland  forest 

80-89 

050 

N 

89-100 

320 

t! 

TRANSECT  HO.  5 


1-13 

13-25 

25-29 

29-34 

34-48 

48-66 

66- 67 

67- 68 

68- 77 

77-83 

83-100 

105 

325 

240 

170 

220 

230 

300 

325 

240 

250 

180 

transact  winds  back 
and  forth  across  a 
narrowly -wooded 
interwit  taut  stream  tor 
approximate]  y  the  first 

50  stations,  then 
follows  along  or 
across  grassy  scrubby 
pastures  and  cropland 

TRANSECT 

NO.  6 

1-10 

340 

old  weedy  bottomland  field 

10-20 

II 

bottomland  forest 

20-33 

«• 

old  weedy  bottomland  field 

33-56 

090 

thickety  fencerow 

56-/0 

180 

thickety  fencerow 

70-80 

•• 

bottomland  forest 

80- 100 

ii 

old  weedy  bottomland  field 

TRANSECT 

NO.  7 

1-3 

135 

woody  slough 

3-22 

135 

open  scrubby  thickets 

22-41 

135 

bottomland  forest 

41-100 

180  curbing 
gradually 
to  210 

bottomland  forest 

TRANSECT 

NO.  8 

1-5 

045 

marsh 

5-8 

145 

grazed  pasture 

8-14 

135 

grazed  pasture 

1 4  -  H  3 

220 

forest  and  forest  odg 

83- 100 

095 

dense  thickets 

and  scrubby  forest 


TRANSECT  NO.  9 


1-30  190  mature  bottomland  forest 

10-100  115  mature  bottomland  forest 


TRANSFCT  NO.  10 


1-22 

020 

old  brush  field 

22-70 

010 

open  bottomland 

forest 

70-76 

090 

open  grassy  field 

76-85 

170 

forest  edge 

85-100 

145 

open  bottomland 

forest 
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at  two  points)  ,  curving  gradually  almost  180°  around  to  the 
right;  there  is  no  1  Lvestock  grazing;  during  the  open 
season  squirrels  and  waterfowl  are  extensively  hunted. 

Transect. No. . 3 

Location;  Kaufman  County,  "Flying  A"  Ranch  just  west  of 
Rosser  on  the  east  side  of  the  river  about  1  mile  downriver 
from  the  mouth  of  the  East  Fork  of  the  Trinity  River. 

Sta£ting _ BSifiti  top  of  the  river  levee  about  1-1/2  miles 

west  of  a  new  ranch  house  owned  by  Fred  Alford,  Jr.  The 
starting  point  lias  on  the  levee  about  300  meters  NH  of 
where  a  farm  roa  1  climbs  up  on  the  levee.  Habitat 
description;  principally  cedar-elm  forest  on  the  river 
floodplain;  the  first  30  stations  follow  the  top  of  the 
levee,  which  is  cleared  and  is  grown  up  in  grasses  and 
weeds;  large  open  fields  and  pastures  lie  within  100  meters 
of  the  northeast  side  of  the  levee  (away  from  the  river) , 
although  the  levee  itself  on  this  side  is  bordered  by  a 
narrow  strip  of  forest  (about  75-100  meters  wide);  within 
the  study  area  all  of  the  land  lying  between  the  levee  and 
the  river  (a  rather  wide  area  of  about  1,200  meters)  is 
forested.  General  comments:  overall  quality  of  the  forest 
rather  poor,  but  fairly  good  woody  understory  and  grass 
ground  cover;  no  livestock  grazing  during  the  duration  of 
this  study;  scattered  wet  depressions  and  sloughs  present 
on  the  floodplain;  heavy  black  clay  soil;  no  Spanish  moss. 

Tr ansegt _Noi_4 

i22*£i2J!i  Henderson  County,  Druce  Smith  Ranch  about  nine 
miles  northwest  of  Trinidad,  approximately  three  miles 
upriver  from  the  mouth  of  the  outflow  from  Cedar  Creek 

Reservoir.  Starting _ fiointi  about  50  meters  from  the  river 

bank  near  a  small  hayshed  where  a  vehicle  track  comes  down 
to  the  river  along  a  cleared  strip  through  an  extensively 
wooded  area;  there  is  a  small  clearing  adjacent  to  the 
river  bank  at  this  site,  which  is  the  only  non-forested 
area  on  the  bank  itself  for  several  miles  in  either 
direction  on  this  side  of  the  river;  just  above  the 
starting  point  the  river  makes  a  right  anqle  bend  from  east 
to  south,  and  then  3/4  of  a  mile  downriver  the  river  makes 
a  wide  bend  to  the  left  and  flows  in  a  northeasterly 
direction  briefly  before  turning  again,  to  the  southeast. 
Habitat  description:  except  for  the  small  clearing  at  the 
beginning,  the  whole  transect  line  traverses  an  extensive 
floodplain  woodland  dominated  by  cedar-elm.  lif-iiSI*! 

rathei  open  forest  with  fairly  matuie  trees  (but 
no  Sp*nish  moss) ;  many  sloughs  and  wet  depressions;  heavy 


grazing  by  cattle  except  whin  too  wet;  sticky  black  city 
soil;  the  transect  parallels  the  river  tor  nost  of  j.r- 
length,  touching  the  bank  at  one  point. 

Transect  Mq.  5 

Locatjon:  extreae  northern  Freestone  County;  Neal  farm  one 
mile  south  of  the  New  Hope  Church  (on  PH  Road  416), 
approximately  nine  miles  ENE  of  Street  nan  and  8-1/2  miles 
WSH  of  Highway  287  bridge  over  the  Trinity  River.  Starting 
point:  near  a  snail  intermittent  stream  about  100  meters 
west  of  the  Neal  trailer  hone;  to  get  to  the  Neal  tarn  qo 
SSE  on  a  gravel  road  which  leads  off  FH  416  just  east  of 
the  New  Hope  Church  (there  is  a  very  short  jog  initially 
and  another  access  to  FH  416) ;  in  about  1/2  mile  turn  right 
(the  gravel  road  continues  on  SSE)  on  another  gravel  road; 
this  road  will  angle  to  the  left  (south)  in  less  than  1/2 
mile,  and  immediately  thereafter  the  Neal  trailer  home  will 
be  on  the  right.  Habitat  description;  upland  farmland  lying 
on  a  low  rise  between  Tehuacana  and  Richland  creeks  (the 
study  areas  lies  above  the  flood  pool  elevation  of  th? 
proposed  Tennessee  Colony  Reservoir) ;  predominantly 
pastures  and  cropland;  a  narrow  belt  of  cutover  riverine 
woodland  borders  a  small  intermittent  stream;  scattered 

junipers  in  old  neglected  fields.  General _ £2IJ8£££§i  banks 

of  the  intermittent  stream  rather  steep  in  places;  numerous 
small  eroded  gulleys  along  the  upper  portions  of  the 
stream;  a  few  large  mature  trees  (elm,  pecan,  hickory,  and 
oak)  remain  in  the  woodland  belt  along  the  creek;  scattered 
trees  and  thickets  along  the  fencerows;  all  areas  lightly 
to  heavily  grazed  by  cattle  (except  one  large  plowed  field 
adjacent  to  the  transect) . 

Tpansect  No. _6 

Location,:  Anderson  County  just  north  of  Highway  79/14 
bridge  over  the  Trinity  River,  on  the  east  side  of  tie 
river  approx iaately  nine  Biles  southwest  of  Palestine. 

Sta£ting _ about  700  meters  north  of  the  highway  and 

250  meters  east  of  the  river,  at  a  point  in  an  old  weedy 
field  150  meters  south  of  a  saall  (5  acre)  isolated  patch 
of  forest  on  the  river  floodplain.  Habitat  description;  old 
neglected,  ungrazed  weedy  field  and  thickets  on  the  river 
floodplain;  two  saall  isolated  patches  of  cutover 
bottomland  forest,  each  about  5  acres.  Ggng£al_2ommentsi 
this  area  has  apparently  had  no  human  use  for  several 
years;  presently  there  is  no  grazing  and  therefore  a 
relatively  good  ground  cover  of  grasses,  vines,  and  Hubus 
exists  (except  in  tho  two  patches  of  forest  where  there  j 


very  little  ground  cover);  there  in  a  narrow  border  of 
trees  along  some  of  the  fences;  the  river  itself  (about  250 
motors  away)  has  a  narrow  halt  of  woodlands  along  the  near 
banlc;  adjacent  to  the  north  side  of  the  study  area  is  a 
pasture  heavily  grazed  by  cattle;  a  small  low  wet  marshy 
depression  and  drainage  borders  the  transect  area  to  the 
east. 

Transect  Up.  7 

Location:  Leon  County,  just  south  of  Highway  7  bridge  over 
the  Trinity  Kiver,  on  the  west  side  of  the  river.  Starting 
point!  about  250  meters  south  of  the  highway  and  500  meters 
west  of  the  river,  at  a  point  on  the  north  edge  of  a  small 

woody  slough.  Habitat _ description!  principally  heavily 

cutover  and  grazed  floodplain  forest  dominated  by  cedar 
elm;  Spanish  moss  abundant;  the  forest  at  the  beginning  of 
the  transect  has  been  more  heavily  cleared  and  is  now  a 
scrubby  clearing  with  scattered  trees  on  a  low  rise  in  the 
topography  between  the  slough  and  river  floodplain;  between 
the  highway  and  the  start  of  the  transect  is  a  small  open 
heavily  grazed  pas  ure  with  a  very  small  stock  pond;  an  old 
weedy  field  borders  this  pasture  to  the  west.  General 
coinepts:  the  forest  has  only  a  few  large  trees  and  little 
ground  cover;  all  <>f  the  study  area  is  grazed  by  cattle; 
much  Cya taegns  in  the  forest  clearings;  the  transect  in 
general  parallels  t he  river  for  most  of  the  way,  touching 
it  at  two  points;  several  low  wet  depressions  on  the 
floodplain. 

_Noi_8 

southern  Polk  County;  Jones  farm  on  the  north 
side  of  the  Tririty  River  and  east  side  of  Highway  ‘>9. 
St  acting  point ;  about  one  mile  east  of  Highway  59  and  1- 1/2 
miles-  north-  of  the  Trinity  River,  on  the  east  side  of 
McCardell's  Lake  at  a  point  where  a  small  interraitt<>nt 

stream  leaves  tl  e  lake.  iiihitat _ description!  cutover 

woodlands  mixed  vith  open  pastur el  and;  a  large  swamp 
(McCardell’s  Lake)  with  some  open  water  and  many  laige 
tupelo  gums  borders  the  transect  on  the  west;  at  the  outlet 
of  this  swamp  and  lor  about  50  meters  downstream  (along  the 

transect)  is  a  small  marshy  area.  General _ comments!  all 

forests  are  heavily  cutover  with  only  a  few  scattered 
mature  trees  and  sometimes  with  a  dense  thickety  woody 
undergrowth;  two  cleared  pipeline  right-of-ways  parallel  or 
cross  the  transect  line;  all  areas  are  heavily  grazed  by 
catt le. 
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Tea  nsec t_N  > t_9 

!;2£i£i<?0i  upper  Liberty  County,  just  south  <»t  Highway  1f>^ 
bridge,  about  50  inters  from  the  river  bank,  at  a  point 
approximately  100  meters  south  o  a  .snail  stream  blowing 
oast  into  the  river.  Habit  a  t_  iesc£i£^ion,:  mature  cutovei 
bottomland  hardwood  forest  on  thr  river  floodplain;  many 
scattered  large  nature  oaks;  bald  cypresses  numerous  along 

the  edge  of  a  long  slough.  General _ comments^  forest 

relatively  open  with  little  ground  cover7~at~station  30  the 
transect  line  intersects  a  lonq  water-filled  slough 
bordered  by  cypresses,  then  turns  left  and  parallels  the 
near  (to  the  river)  edge  of  the  slough  for  the  rest  of  its 
length,  finishing  about  50  meters  from  the  river  bank; 
extremely  heavy  disturbance  by  wild  pigs  throughout  the 
transect  area  but  no  cattle  grazing  during  this  study;  by 
the  end  of  the  study  a  bulldozed  track  had  been  made  into 
the  area  in  preparation  fox;  a  new  housing  development; 
shallow  wet  depressions  and  drainrgeways  are  common 
throughout  the  forest. 

1^0 

feo£a ti orK  extreme  southern  Liberty  County,  two  miles  east, 
of  the  community  of  old  Piver  (on  FM  :toad  1409),  just  north 
of  the  Chambers  County  line  and  about,  two  miles  west  i.  the 
Trinity  Piver.  Starting  point;  about  two  miles  east  or  FM 
Road  1409  and  200  meters  north  of  the  east  end  of  hard¬ 
surfaced  road  running  east  (parallel  to  the  county  line) 
from  the  community  of  old  River,  at  a  point  on  a  pipeline 

right-of-way.  Habitat _ description;;  mostly  open  bottomland 

forest  with  much  palmetto,  and  one  large  giassy  neglected 
field;  two  large  biyous  bordered  by  cypresses;  an  open 
grassy  scrubby  upland  area  at  the  start  of  the  vransect 
(along  and  adjacent  to  the  pipeline  right-of-way).  General 
comments;  transect  starts  in  an  old  field  above  the  wide 
river  floodplain  bur  soon  drops  dovr  onto  the  floodplain 
and  runs  in  a  northerly  direction,  pacallelli ng  the  west 
bank  of  a  prominent  bayou;  eventually  the  transect  cresses 
this  bayou  (on  an  ol 1  small  concrete  bridge)  and  t  hen 
shortly  thereafter  turns  southward  and  runs  between  this 
bayou  and  another  ma j  it  bayou  just  to  the  east;  ail  r£  the 
bottomland  area  is  very  heavily  disturbed  by  wild  pigs  but 
no  cattle  were  present  during  the  study  period;  a  good 
grassy  qround  cover  was  present  in  parts  of  the  forest 

All  habitats  at  every  study  area  /ere  classifier)  into 
one  of  four  major  categories  as  shown  in  Table  V-U2.  At 
each  of  the  ten  transects  an  estimate  was  made  of  the 


percent  contribution  of  each  of  the  tour  major  habitats  to 
the  total  study  area  (study  area  being  defined  as  that  area 
within  ISO  meters  of  all  points  alonq  the  transect  line). 
Habitat  percentages  were  also  calculated  for  each  at  three 
arbitrarily  designated  river  sections  defined  as  follows: 
upper  ri ver--transects  1,  2,  and  3;  middle  river  —  transects 
4,  5,  6,  and  7;  lower  river--transects  8,  9,  and  10. 


Habitat  diversity  indices  were  calculated  for  each 
transect  and  river  section,  and  for  the  river  as  a  whole, 
using  the  Shannon-Wiener  function: 


®  11  . 
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where  "sM  is  the  total  kinds  of  habitats,  "n," 
habitat  percentage  (express*  d  as  a  whole  number) 
habitat,  and  N  =  100  (since  all  habitat  percentages 


to  100%).  Although  this  is  a  very  crude  estimate  of 
diversity,  it  allows  some  statistical  comparisons  of 
community  parameters  with  habitat,  diversity. 
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Censusing  Techniques 


Biologists  have  usually  found  it  difficult  to  obtain 
reliable  estimates  of  population  densities  of  terrestrial 
vertebrates.  Various  methods  of  censusing  have  been 
summarized  for  mammals  in  Giles  (1971)  and  for  birds  by 
gmlen  (1971).  Frequently,  however,  it  is  not  necessary  to 
know  absolute  numbers  or  densities  but  simply  to  have 
available  indices  of  abundance.  luch  indices,  when 
determined  by  the  same  method,  may  be  used  in  comparing 
populations  either  in  space  or  time. 


In  the  present  study  mammal  populations  were  sampled 
in  two  ways,  small  terrestrial  mammals  were  caught  in 
museum  special  snap  traps  set  along  the  ten  1,500  meter 
transect  lines.  Peanut  butter  was  used  as  bait  and  one  trap 
was  set  at  each  station,  100  traps  p  ->r  night  (with  few 
exceptions).  The  number  of  trap  stations  in  each  of  three 
major  habitats  at  each  transect  is  sh  >wn  in  Table  V-03. 
Populations  of  larger  mammals  were  sa  apled  by  countinq  all 
mammal  signs  encountered  on  a  par  icular  date  by  an 
observer  while  walking  along  a  1 ,  >00  meter  transect. 
Separate  counts  were  tabulated  for:  (a*  individuals  seen  or 
heard,  (b)  sets  of  tracks,  (c)  fecal  remains,  (d)  nests, 
dens,  or  burrows,  and  (e)  food  re  mins,  gnawings,  or 
diggings. 


* 


Avian  populations  were  estimated  by  recording  a'l  birds 
seen  or  heard  by  an  observer  walking  slowly  along  or  noai 
each  transect  line,  with  occasional  stops  when  groups  o 
birds  were  encountered.  Counts  were  always  taken  in  the 
morning,  beginning  within  an  hour  after  sunrise,  and  wore 
completed  in  2-3  hours.  Birds  were  counted  v hen  they  were 
seen  or  heard  flying  over  the  transect  line,  whether  thev 
were  actually  utilizing  or  foraging  in  the  study  area 
itself  or  not.  In  addition  to  the  transect  counts  a  record 
was  kept  of  all  specie.s  found  in  or  near  each  of  the  study 
areas,  and  regular  counts  of  aquatic  birds  were  taken  at 
the  Fin  and  Feather  Club  Lake  adjacent  to  Transect  No.  > 
and  at  flcCardell’s  Lake  adjacent  to  Transect  No.  8. 

This  study  was  carried  out  from  Se)tember,  1972 
through  Nay,  1973.  The  general  distribution  and  relative 
abundance  of  mammalian  and  avian  populations  along  the 
Trinity  River  during  the  summer  months  (Juno  and  July)  has 
been  previously  documented  (Fisher,  1972) . 

RESULTS  AND  DISCUSSION 

Smal  i_Naa»als 

Small  mammal  trapping  successes  at  each  of  the  ten 
transects  are  shown  in  Appendix  V-01.  Scientific  names  are 
from  blair,  et^al^  (1968).  These  data,  which  ire  an  index 
of  relative  abundance  of  small  mammals,  are  summarized  in 
Table  V-04.  The  overall  trapping  success  (2.8%)  indicates 
that  small  mammals  are  not  very  abundant  at  most  localities 
adjacent  to  the  Trinity  River.  There  is,  however, 
considerable  variation  between  sites  and  between  different 
dates  at  the  same  site.  Transect  No.  6  had  a  much  higher 
percent  trapping  success  than  any  other  transect.  This  is 
probably  explained  by  the  fact  that  this  transect  had  the 
highest  combined  habitat  percentages  of  thickets  and 
grasslands  (see  Table  V-02),  and  more  importantly  by  the 
absence  of  livestock  grazing  at  this  site,  which  permitted 
a  very  good  ground  cover  of  grasses  and  vines.  The  cotton 
mouse  iPe£21Z££MS_20ss}[j3inusi.  was  by  far  the  most  abundant 
and  widespread  small  mammal  along  the  rivet,  and  this 
species  together  with  the  fulvous  harvest  mouse 
_[Hei  hrodont omy s  fulvescens)  made  up  86%  of  the  total 
population  of  small  mammals  at  the  ten  study  sites. 

Trapping  success  in  each  of  three  major  habitats 
(woodlands,  thickets,  and  grasslands)  is  summarized  in 
Table  V-05.  The  percent  success  in  each  habitat  on  each 
night  traps  were  set  in  that  habitat,  was  compared  to  other 
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Number  of  different  niqhts  traps  were 
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Habitats  by  a  t-test.  The  equation  used  is: 


N  j  +  N  2  -  2 


where  X  is  the  sample  lean,  s*  is  the  sample  variance,  and 
N  is  the  sample  size.  There  were  no  statistical  differences 
(at  the  .05  level  of  probability)  in  percent  trapping 
success  between  any  two  habitat  types. 

A  comparison  of  trappiny  success  was  also  conducted 
between  the  three  seasons  of  the  year  during  which  the 
study  was  carried  out  (Table  V-06) .  Fall  is  defined  as  the 
months  of  September,  October,  and  November;  winter  as  the 
months  of  December,  January,  and  February;  and  mpring  as 
the  months  of  March,  April,  and  May.  There  were  no 
statistically  significant  differences  in  seasonal  trapping 
success. 

Comparisons  of  trapping  success  between  each  pair  of 
transects  were  also  made,  using  t-tests  in  the  same  manner 
as  above  (sample  sizes  were  quite  small,  ranging  from  3  to 
5) .  These  calculations  show  that  Transects  1  and  5  which 
have  very  low  populations,  are  statistically  different  from 
Transects  3,  4,  6,  and  7  (at  the  .05  level  of  probability). 
Transects  1  and  5  are  the  most  upland  in  topography  of  all 
the  ten  study  sites.  However,  both  have  considerable  human 
disturbance,  which  may  help  explain  the  relatively  low 
abundance  of  small  mammals  at  these  sites. 

Finally,  t-tests  were  used  to  compare  each  pair  ot  the 
three  arbitrarily  defined  river  sections.  Sample  sizes  were 
13  for  the  upper  and  lower  rivers,  and  17  for  the  middle 
river.  Trapping  success  was  1.2*  for  the  upper  river,  4.9% 
for  the  middle  river,  and  1.4*  for  the  lower  river.  There 
are  no  statistically  significant  differences  between  any 
two  river  sections. 

Simple  linear  correlation  and  regression  analyses  were 
run  using  the  total  percent  trapping  success  as  the 
dependent  vurjable.  The  transect  number  and  habitat 
diversity  index  (Table  V-02)  were  both  used,  separately  as 
independent  variables.  The  regression  of  trapping  success 
versus  transect  number  had  a  correlation  coefficient,  of 
.057,  and  trapping  success  versus  habitat  diversity  had  a 
correlation  coet f i ci ent  ot  -.043,  neither  of  which  is 
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significant  at  the  .05  level  of  probability  (with  H  degrees 
of  freedom).  These  tests  indicate  that  total  numbers  of 
small  mammals  along  the  Trinity  River  are  not  directly 
correlated  with  habitat  diversity  (as  here  measured)  and 
that  there  is  no  gradual  increase  or  decrease  in  numbers  of 
small  mammals  from  one  end  of  the  river  to  the  other. 

Data  gathered  on  larger  mammals  at  each  of  the  t.«*n 
transects  are  presented  in  Appendix  V-02,  and  a  summary  3: 
given  in  Table  V-07  (note  that  the  eastern  woodrat  appears 
both  in  these  tables  and  those  for  small  mammals)  . 
Scientific  names  are  from  Blair,  §t_al,.  (1968).  Because  of 
the  many  variables  involved  in  gathering  these  data  (such 
as  weather  conditions  at  the  time  of  and  prior  to  the 
census,  density  of  foliage,  ground  cover,  soil  type,  etc.) 
they  must  be  interpreted  cautiously.  Nevertheless,  the  data 
reflect  the  relative  abundance  of  larger  mammals  in  the 
areas  studied.  It  is  apparent  that  such  species  as  the 
armadillo,  swamp  rabbit,  fox  (and/or  gray)  squirrel,  coyote 
(and/or  domestic  dogs) ,  and  raccoon  are  abundant  and 
widespread  along  the  Trinity  River.  Only  at  the  most  upland 
site  (Transect  Mo.  5)  do  cottontails  appear  to  be  as 
numerous  as  swamp  rabbits.  Cottontails  prefer  drier 
habitats  than  the  swamp  rabbit  (Davis,  1966).  White-tailed 
deer  w  >re  much  more  numerous  along  the  middle  river 
(Transe  :ts  4,  5,  6,  and  7)  than  along  either  the  upper  or 
lower  river. 


Populations  of  larger  mammals  at  each  of  the  ten 
transects  were  compared  with  one  another  by  t-tests  of  the 
total  number  of  all  mammal  signs  recorded  on  each  census. 
These  total  numbers  were  each  considered  an  index  of 
population  size  on  a  specific  data  at  a  particular 
transect.  sample  sizes  (number  of  censuses  at  each 
transect)  ranged  from  three  to  five.  Results  of  these  t- 
tests  are  shown  in  Table  V-08.  There  are  significant 
differences  in  the  numbers  of  larger  mammals  at  different 
sites  along  the  Trinity  River.  A  possible  explanation  for 
the  low  population  sizes  at  Transects  9  and  10  is  the  very 
high  numbers  of  wild  pigs  in  the  study  areas.  It  is  more 
difficult  to  postulate  reasons  for  the  relatively  low 
number  of  larger  mammals  at  Transect  8.  When  the  three 
river  sections  were  each  compared  with  one  another  the 
lower  river  was  statistically  different  (at  the  .01  level 
ol  probability)  from  both  the  upper  and  middle  river 
sections,  but  these  two  latter  sections  were  not 
significantly  different  from  each  other. 


I 


Table  V-07.  Total  numbers  of  larger  aaaaals  and  aaaaal  siqnr,  recorded  on  40  censuses 
it  ten  1,500  aoter  transects  along  the  Trinity  River  f ro»  September,  1972  through 
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Table  v- 08.  Values  of  t‘  for  paired  coaparisons  of  population  size* 
larger  aamals  at  ten  Trinity  Kiver  transects 
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The  average  number  per  census  ot  all  larqeL  mammals 
and  signs  (Table  V-07)  was  used  as  the  dependent  variable 
and  regressed,  separately,  against  transect  number  and 
habitat  diversity  as  for  small  mammals.  The  correlation 
coefficient  of  -.230  in  the  latter  instance  is  not 
statistically  significant,  suggesting  once  again  that 
habitat  diversity  fier_se  is  not  as  important  as  other 
factors  in  determining  abundance  of  mammal  populations.  The 
correlation  coefficient  of  -.709  obtained  in  the  former 
analysis  is  significant,  however,  at  the  .05  level  ot 
probability  (with  8  degrees  of  freedom).  This  correlation 
results  primarily  from  the  relatively  small  numbers  of 
mammal  signs  at  the  three  transects  (8,  9,  and  10)  at  the 
lower  end  of  the  river.  When  the  average  number  per  census 
of  larger  mammals  and  signs  was  regressed  against  the  total 
percent  trapping  success  (of  small  mammals)  there  was  no 
significant  correlation.  Apparently  population  sizes  ot 
larger  mammals  and  small  mammals  are  independent  of  each 
other. 

All_Hjmmals 

In  order  to  calculate  a  species  diversity  index  tor 
all  mammals  at  each  transect,  an  effort  was  made  to  combine 
the  relative  abundance  data  for  both  small  and  larger 
mammal  populations,  recognizing  the  problems  involved 
because  of  the  different  sampling  methods  utilized  and 
different  kinds  of  signs  recorded.  It  was  decided  that  each 
n  in  the  Shannon- Wiener  function  would  be  best  indicated 
by  the  highest  number  recorded  from  all  the  censuses  at  a 
given  transect.  For  small  mammals  this  figure  is  the 
highest  number  trapped  on  any  single  night.  Total  number 
trapped  on  all  censuses  could  have  been  used,  since 
individuals  trapped  were  removed  from  the  population,  but 
it  was  felt  this  would  have  biased  the  index  in  favor  of 
small  mammals.  For  larger  mammals  the  figure  used  was  the 
highest  number  ot  all  the  signs  recorded.  Gnawings, 
diggings  and  evidence  of  food  remains  were  excluded  for 
all  species  except  the  semi-aguatic  beaver  and  nutria.  This 
was  done  in  an  effort  to  reduce  bias  in  favor  of  certain 
species  (such  as  the  armadillo)  in  which  some  individuals 
occasionally  leave  an  unusually  large  amount  of  sign,  only 
fresh  beaver  gnawings  were  recorded.  The  difficulty  ot 
tryinq  to  equate  mammal  tracks  and  fecal  remains  and  nests 
and  individuals  seen  or  trapped  as  indicators  of  relative 
abundtnci  is  acknowledged.  Relative  to  larger  mammals, 
populations  of  small  mammals  are  'probably  underestimated. 
Species  diversity  indices  computed  using  these  data  are 
given  in  Table  V-09. 
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If  the  transects  in  Table  v- 09  are  qrouped  by  river 
section  and  the  nuabers  for  each  species  are  added  together 
in  each  section,  then  these  suss  can  be  used  as  n; 's  to 
conpute  a  species  diversity  index  for  each  river  section. 
Siailarly,  figures  fron  all  ten  transects  can  be  added 
together  for  each  species  and  these  suss  used  to  calculate 
a  species  diversity  index  for  the  river  as  a  whole.  Each 
transect  is  thus  considered  a  different  sample  fron  t  o 
whole  "population",  and  the  highest  nnaber  recorded  i  >r 
each  species  froa  all  censuses  at  each  sanpling  locality  is 
considered  to  be  the  best  index  of  relative  abundance  oi 
that  species  at  that  locality.  Following  are  the  species 
diversity  indices  calculated  in  this  nanner  (total  nuaber 
of  species  are  in  parentheses):  upper  river,  3.63  (20): 
siddle  river,  3.60(22);  lower  river,  3. BO  (18);  whole 
river,  3.85  (28).  It  is  apparent  that  species  diversity  of 
terrestrial  aanaals  is  virtually  the  saae  on  all  three 
river  sections  and  that  the  river  as  a  whole  has  about  the 
sane  diversity  as  any  single  section.  Furtheraore, 
differences  between  the  ten  transects  (Table  v~09)  do  not 
sees  very  great,  though  index  values  tend  to  be  soaewhat 
lower  for  individual  transects  than  for  a  whole  river 
section  or  the  total  river. 

since  diversity  indices  are  receiving  widespread 
attention  in  ecological  investigations  it  is  worthwhile  to 
consider  what  factors  influence  their  values.  Krebs  (1972) 
has  sussarized  (in  Ch.  23)  auch  of  the  current  thinking  and 
history  pertaining  to  diversity  indices.  Theoretical 
considerations  are  discussed  by  Fisher,  corbet,  and 
Milliass  (1943),  Lloyd  and  Ghelardi  (1964),  NacArthur 
(1957),  Bargalef  (1958),  Plelou  (1966),  Preston  (1948),  and 
williaas  (1953).  In  regard  to  the  shannon-* 8 iener  function 
used  to  conpute  diversity  indices  in  this  study,  it  has 
been  shown  by  Lloyd  and  Ghelardi  (1964)  that  only  two 
factors  influence  index  values:  nuaber  of  species  and 
eguatability  of  distribution  (i.e.,  relative  abundance). 
The  other  factor  reaaining  constant,  species  diversity  can 
be  increased  only  by:  (1)  increasing  the  nuaber  of  species, 
or  (2)  changing  the  relative  abundance  so  that  rare  species 
becone  coaaoner  and  cotnon  species  becone  rarer.  The 
aaxiaua  possible  diversity  index  for  a  given  nuaber  of 
species  (s)  is  realized  when  all  species  aro  equally 
abundant,  in  which  case  the  diversity  index  (conputed  by 
the  Shannon-hiener  function)  *  log  S,  The  actual 
population  size  in  the  cosaunity  being  neasured  does  not 
directly  influence  species  diversity  (i.e.,  other  factors 
reaaining  constant  an  increase  or  decrease  in  overall 
population  size  will  not  change  the  species  diversity 
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index) .  Customarily  diversity  indices  are  computed  for  a 
specific  taxonomic  group  of  organises  in  an  arbitrarily 
chosen  "coaaunity"  or  habitat.  It  could  be  argued  that  the 
ten  transects  in  the  present  study  are  not  equivalent 
"communities",  and  therefore  cannot  be  coapared. 

It  is  beyond  the  scope  of  this  report  to  critically 
evaluate  the  nuaerous  attempts  by  various  workers  to  relate 
species  diversity  indices  to  other  ecological  parameters, 
such  as  coaaunity  stability,  coaaunity  maturity,  community 
structure,  habitat  diversity,  etc.  The  interested  reader  is 
directed  to  papers  by  Connell  and  Orias  (1964) ,  Elton 
(1958),  Hairston  (1959),  HacArthur  (1955),  MacArthur  and 
HacArthur  (1961),  HacArthur,  Recher,  and  Cody  (1966), 
Hargalef  (1963,  1968,  and  1969),  and  Odua  (1969). 

In  the  present  study  of  nanaal  populations  several 
ecological  paraaeters  at  each  of  the  ten  Trinity  River 
transects  were  coapared  with  one  another  by  the  use  of 
siaple  linear  regression  analyses  in  order  to  look  for 
possible  correlations  within  coanunities  and  to  perhaps 
gain  insight  into  coaannity  organization.  The  tests  run 
(with  the  dependent  variable  being  aentioned  first)  were: 
(1)  species  diversity  vs.  Habitat  diversity,  (2)  species 
diversity  vs.  Transect  nuaber,  (3)  species  diversity  vs. 
Average  nuaber  per  census  of  all  larger  naaaals  and  signs 
(used  here  as  an  index  of  total  population  size) ,  (4) 
species  diversity  vs.  Total  percent  trapping  success  (as  an 
index  of  total  population  size  of  snail  aannals) ,  (S) 
nuaber  of  species  (all  aannals)  vs.  Habitat  diversity,  and 
(6)  nuaber  of  species  vs.  Transect  nuaber.  None  of  the 
coaputed  correlation  coefficients  proved  to  be 
statistically  significant  (at  the  .05  level  of 
probability) .  Thus  it  is  concluded  that  the  ecological 
paraaeters  tested  here  are  not  directly  related,  or  at 
least  that  their  relationship  is  relatively  uniaportant 
(aultiple  regression  analyses  would  help  answer  this 
question) .  There  is  no  unidirectional  trend  in  aaaaal 
species  diversity  or  variety  along  the  Trinity  River,  and 
species  diversity  appears  to  be  influenced  aore  by  factors 
other  than  habitat  diversity  or  population  size.  It  is 
suggested  that  environaental  "quality"  is  probably  an 
iaportant  contributing  factor  to  species  diversity,  and 
could  perhaps  be  aeasured  in  part  by  careful  quantitative 
analyses  of  vegetational  characteristics  (see  HacArthur  and 
HacArthur,  1961  in  regard  to  bird  species  diversity  and 
physical  characteristics  of  the  vegetation). 
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Results  of  each  census  at  all  ten  transects  arc  shown 
in  Appendix  V-03  and  these  data  are  summarized  in  Appendix 
y-04.  Scientific  and  common  nines  follow  those  ot  the 
A.o.U.  (1957)  and  the  A.O.U.  Committee  on  Classification 
And  Nomenclature  (1973) .  During  this  study  a  total  of  196 
species  of  birds  were  recorded  or  59  censuses  at  the  ten 
Trinity  River  transects,  and  an  additional  31  species  w’rn 
recorded  froe  the  study  areas  during  non-census  period:  t 

should  te  emphasized  that  these  investigations  oco  ,H 
priaarily  during  the  non-breeding  part  of  the  year  j  i 
birds,  and  the  data  obtained  are  therefore  not 
indication  of  the  breeding  avifaunal  populations.  A  general 
account  of  breeding  birds  and  their  relative  abundan ..•? 
jlong  the  Trinity  River  is  given  by  Fisher  (1972).  However, 
it  would  be  worthwhile  to  carry  out  during  the  breeding 
season  (June,  July,  and  August)  a  quantitative 
investigation  siailar  to  the  present  one. 

Lite  the  majority  of  aniaal  species,  most  birds  are 
closely  associated  with  a  particular  kind  of  habitat. 
Therefore,  the  absence  of  some  kinds  of  birds,  particularly 
those  of  aquatic  or  semi-aquatic  environments,  from  a 
particular  transect  does  not  necessarily  indicate  that 
t hose  soecies  were  absent  from  that  general  area  of  the 
Trinity  diver,  but  may  have  resulted  siaply  from  the  lack 
of  a  suitable  "niche"  at  the  site  of  the  transect.  Forest, 
and  woodland  environments  were  sampled  most  thoroughly,  and 
aquatic  habitats  and  grasslands  least  completely  (see  Table 
V-02) .  Ideally  a  separate  transect  should  be  set  up  in  ear 
ma'or  habitat  at  every  study  area  along  the  river,  but  i  o 
tire  limit  imposed  on  the  present  research  did  not  permit 
such  a  detailed  investigation.  However,  quantitative  data 
pertaining  to  the  use  of  the  Trinity  River  by  aquatic  birds 
were  gathered  regularly  at  small  lakes  adjacent  to 
Transects  2  and  8,  and  these  will  be  presented  later  in 
this  report,  as  will  other  observations  of  waterfowl  and  of 
small  wading  birds. 

Inspection  of  Appendix  V-04  reveals  that  many  avian 
species  are  widespread  along  the  whole  length  of  the 
Trinity  liver.  These  include  the  little  blue  heron,  cattle 
egret,  turkey  vulture,  red-tailed  hawk,  killdeor,  mournine 
dove,  barred  owl,  chimney  switt,  ruby-throated  hummingbird, 
four  species  of  woodpeckers,  qreat  crested  flycatcher, 
ca:  tern  j hoebe,  barn  swallow,  blue  jay,  common  crow,  and  a 
large  number  of  small  "sonubirds"  (chickadee,  titmouse, 
creeper,  wrens,  thrushes,  kinglets,  viroos,  warbler  , 
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"blackbird:;",  bunting:;,  sparrow:;,  etc.).  Some  speies,  on 
the  other  hand,  were  confined  to  a  particular  segment  ot 
the  river.  The  Swainson's  hawk,  rough-legged  hawk, 
Franklin's  gull,  black-chinned  hummingbird,  ladder-backed 
woodpecker,  western  kingbird,  and  great-tailed  grackle  were 
found  only  on  the  upper  parts  of  the  river;  the  barn  owl, 
white-tailed  kite,  and  Smith's  longspur  were  recorded  only 
on  the  middle  river;  and  the  anhinga,  white  ibis,  hooded 
warbler.  Brewer's  blackbird,  and  Swainson's  warbler  were 
observed  during  this  study  only  on  the  lower  halt  of  the 
river.  It  is  noteworthy  that  a  pair  of  white-tailed  kites 
built  a  nest  at  Transect  7,  since  this  represents  the 
northernmost  breeding  record  of  this  species  in  the  state, 
and  is  well  north  (and  east)  of  the  present  known  range  of 
the  white-tailed  kite  in  Texas  (see  Wolfe,  1956).  Among  the 
most  abundant  species  were  the  blue  jay,  common  crow, 
Carolina  chickadee,  tufted  titmouse,  Carolina  wren,  robin, 
starling  (locally),  redwinged  blackbird,  common  grackle, 
brown-headed  cowbird,  cardinal,  myrtle  warbler,  and  white- 
throated  sparrow.  The  redwinged  blackbird  was  by  tar  the 
single  most  numerous  avian  species. 

Population  sizes  of  birds  were  compared  by  t-tosts. 
Each  census  was  consid  ared  an  estimate  of  population  size 
(see  the  "total  individ  lals"  figures  for  each  date  in 
Appendix  v-03).  Values  of  i  were  calculated  for  the 
following  paired  comparisons:  (1)  each  of  the  ten  transects 
was  compared  with  every  other  transect ,  using  data  from  all 
censuses  (sample  sizes  ranqed  1 rom  5  to  7) ;  (2)  each  of  the 
three  river  sections  was  compared  with  the  other  two 
sections,  using  data  from  all  censuses  (sample  sizes  were 
17,  23,  and  19  for  the  upper,  middle,  and  lower  rivers, 
respectively);  (3)  using  data  Iron  the  whole  river,  each  of 
the  three  seasons  was  compared  with  the  other  two  (sample 
sizes  were  13,  20,  and  26,  respectively);  (4)  tor  each  of 
the  three  seasons  a  comparison  was  made  between  the  upper 
and  middle  river  sections  (sample  sizes  ranged  from  3  to 
9) ,  upper  and  lower  river  sections  (sample  sizes  ranged 
from  3  to  9)  ,  and  middle  and  lower  river  sections  (sample 
sizes  ranged  from  4  to  9) ;  and  (5)  for  each  of  the  three 
river  sections  a  comparison  was  made  between  the  fall  and 
winter  (sample  sizes  ranged  from  3  to  8) ,  fall  and  spring 
(sample  sizes  ranged  from  3  to  9) ,  and  winter  and  spring 
(sample  sizes  ranqed  frou  6  to  9).  Average  population  sizes 
for  each  transect  are  q  .ven  in  Appendix  V-OJ,  and  are 
summaiized  by  river  section  anc,  season  in  Table  V-10. 
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None  ot  the  I  on  transect  j  were  ;tat  i;t  ic.i  J  i  y  different 
tn  population  sure  (at  the  .<)'»  level  ot  probability)  tiom 
any  of  the  other  transects.  1‘his  is  jjomew  hut  surprising 
because  of  the  rather  large  differences  in  average 
population  iize  and  would  appear  to  be  explained  bv  the 
very  large  variances  in  population  size  at  individual 
transects  and  by  the  rather  small  sample  sizes.  Transect  6 
with  an  average  population  size  of  1,486  individuals  (on  6 
censuses),  and  Transect  4,  with  an  average  population  size 
ot  1,002  individuals  (on  S  censuses),  had  by  far  the 
largest  average  population  sizes  of  the  ten  transects..  At 
both  these  transects  the  unusually  large  population  sizes 
were  due  principally  to  a  single  species,  the  redwinged 
blackbird.  This  species  is  well  known  for  its  enormous 
winter  cone  -ntrations  in  the  southern  United  States,  and 
often  occurs  in  huge  flocks  with  other  icterids  and 
starlings  (i.«.,  "blackbirds"  in  a  general  sense) .  rt 
should  be  pointed  out  that  usually  the  large  flocks  fit 
redwinged  blackbirds  counted  were  observed  flying  overhead, 
without  stopping,  although  occasionally  they  were  seen 
foraging  in  the  study  area.  Other  greqarious  species  which 
were  sometimes  seen  in  large  numbers  were  the  double- 
crested  cormorant  and  white  ilis  (both  at  Transect  10, 
flying  overhead),  robin,  starling,  common  gtackle,  and 
brown-headed  cowbird.  Large  aggregations  of  "bl ackbirds" 
are  responsible  lor  the  unusually  high  population  sizes  on 
the  middle  river  in  the  fall  and  winter,  and  also  account 
for  the  relatively  high  Winter  population  on  the  river  as  a 
whole  (Table  V-10). 

Of  the  t-tests  carried  out  with  population  sizes  at 
different  seasons  and  river  sections,  only  six  were 
statistically  different  (at  the  .06  level  of  probability). 
Tnose  were:  (1)  winter  vs.  spring  on  the  upper  river,  (2) 
winter  vs.  spring  on  the  middle  river,  (3)  fall  vs.  spring 
or  the  middle  river,  (4)  fall  vs.  spring  on  the  river  as  a 
whole,  (5)  winter  vs.  spring  on  the  river  as  a  whole,  and 
(6)  middle  river  vs.  lower  river  in  the  spring.  Conclusions 
which  can  be  drawn  from  these  ests  are:  (a)  on  the  upper 
river,  middle  river,  and  river  as  a  whole  winter 
popul i tions  were  significantly  higher  than  soring 
populations  (but  not  on  the  lower  river,  where  spring 
populations  were  relatively  high);  (b)  on  the  middle  river 
and  the  river  as  a  whole  winter  population.1  were  also 
significantly  higher  than  fall  population-.;  anu  c)  spring 
populations  on  the  lower  river  were  signif rca: tly  higher 
than  on  the  middle  river.  Trencs  in  average  popu.ation  .size 
from  fall  to  wiiter  to  spring  .re  show  in  Figure  v-02. 


265 


Wote  that  in  every  instance  winter  populations  were  the 
highest,  and  everywhere  except  on  the  lower  river  spring 
populations  were  the  lowest  (see  also  Table  7-10).  It  is  of 
interest  that  all  the  significant  differences  in  population 
size  (except  one)  are  related  to  seasonal  factors  rather 
than  to  river  section,  in  spite  ol  the  such  larger  numbers 
recorded  on  tho  Biddle  river  during  the  fall  and  winter. 

riuctuations  in  variety  of  Trinity  River  birds  (i.e. , 
nuaber  of  species  present)  are  shown  in  Figure  v-03  and 
Table  7-10.  on  all  three  river  sections  and  the  river  as  a 
whole  the  nuaber  of  bird  species  recorded  was  lowest  in  the 
winter  and  highest  in  the  spring,  '.'his  trend  is  exactly  the 
reverse  ot  that  for  average  population  size.  In  the  winter 
birds  were  present  in  greatest  numbers  but  least  variety, 
while  in  the  spring  they  were  present  in  greatest  variety 
but  fewest  nuabers.  Such  changes  ii  the  avifauna  along  the 
Trinity  River  are  the  result  of  tie  annual  spring  and  fall 
aigrations  of  birds.  Differences  in  species  variety  were 
not  tested  statistically,  but  it  is  noteworthy  that  in  all 
three  seasons  variety  of  birds  was  greatest  on  the  lower 
river  and  least  on  the  upper  river.  Transect  8  had  the 
greatest  variety  of  species  (120)  ,  and  the  fewest  nuaber  of 
species  was  recorded  at  Transect  2  (70).  It  will  be  shown 
later  that  these  differences  are  correlated  with  habitat 
diversity. 

The  Shannon- Wiener  function  was  used  to  compute 
species  diversity  indices  for  each  of  the  ten  transects, 
for  each  of  tho  three  river  sections,  and  for  the  river  as 
a  whole.  The  aaxiaua  nuaber  of  individuals  counted  on  any 
single  census  (Appendix  7-04)  was  used  to  represent 
abundance  (n\)  of  each  species;  all  the  n»*s  were  then 
suaaed  to  get  N.  It  is  felt  that  the  aaxiaua  individual 
count  froa  all  censuses  conducted  at  a  particular  transect 
is  a  better  estiaate  of  real  abundance  of  a  particular 
species  than  an  average  nuaber  of  individuals  from  all 
three  censuses.  However,  it  would  be  worthwhile,  although 
not  done  here,  to  coapare  diversity  indices  computed  by 
using  these  two  slightly  different  methods  for  obtaining 
values  of  m .  It  would  not  have  been  feasible  to  use  the 
3ua  of  recorded  figures  from  all  censuses  at  a  particular 
transect  because  of  the  probab; lity  ot  counting  some 
individuals  more  than  once,  since  individuals  counted  were 
not  collected.  In  calculating  diversity  indices  tor  a 
particular  river  section  the  aaxiaua  counts  from  each  of 
the  appropriate  transects  were  added  together  for  each 
species  and  thuir  sum  used  for  ni#  similarly,  maximum 
counts  tiom  all  ten  transects  wer<*  surnm  to  obtain  eichn£ 
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when  co»puting  a  diversity  index  for  the  river 
It  should  be  noted  that  diversity  indices 
birds  £ro»  data  gathered  during  this  study  are 
non-breeding  populations,  which  were 
fluctuating  in  size  and  species  composition. 


as  a  whole, 
computed  for 
indices  for 
continual] y 


Diversity 
Appendix  V-04, 
the  whole  rive 
in  f luencing 
equitability) 
of  diversity 
use  as  indicat 
Dorris,  1968) 
parameters  as 
community  s 
metabolism , 
previously)  . 
tested  below, 
certain  other 


indices  for  all  ten  transects  are  given  in 
and  indices  for  the  three  river  sections  and 
r  are  shown  in  Table  V-ip.  The  two  factors 
diversity  indices  (number  of  species  and 
have  already  been  discussed.  The  importance 
indices  in  ecological  studies  lies  in  their 
ors  of  environmental  quality  (see  Wilhm  and 
,  and  in  their  possible  correlation  with  such 
community  stability,  community  maturity, 
tructure,  community  change,  community 
and  food  webs  (see  references  cited 
The  values  calculated  in  this  study  will  be 
jy  simple  linear  .regression  analyses,  with 
lata  gathered  in  the  current  investigation. 


The  following  simple  linear  regressions  were  performed 
(the  dependent  variable  is  mentioned  first;  all  analyses 
have  10  data  points  and  8  degrees  of  freedom;  a  correlation 
coefficient  of  .632  or  higher  i;  statistically  significant 
at  the  .05  level  of  probability):  (1)  bird  species 
diversity  vs  habitat  diversity,  transect  number,  average 
population  size  of  birds,  and  mammal  species  diversity  (2) 
number  of  bird  species  vs  habitat  diversity,  transect 
number,  and  number  of  mammal  species;  and  (3)  average 
population  size  of  birds  vs  nabitat  diversity,  transect 
number,  percent  trapping  succes  ;  of  small  mammals,  and 
average  number  of  larger  mammals  and  signs. 

Only  three  of  these  11  regression  analyses  had 
relatively  high  correlation  c  (efficients,  interestingly, 
the  highest  correlation  (r=.951)  was  between  the  average 
population  size  of  birds  and  the  total  percent  trapping 
success  of  small  mammals.  This  c >rrelation  exists  primarily 
because  Transects  4  and  6  had  much  higher  totals  of  both 
small  mammals  and  birds  thai  any  other  transects 
(Appendices  V-01  and  V-03).  At  >oth  of  these  transects  the 
cotton  mouse  and  the  redvinge  l  blackbird  were  clearlv 
dominant.  The  remarkable  correction  between  small  mammal.; 
and  >irds  along  the  Trinity  Ri >er  is  thus  primarily  » 
resu  t  of  the  fact  that  redw  nged  blackbirds  and  cotton 
mice  were  both  most  numerous  at  ’ransect  6  (principally  an 
old  wetdy  bottomland  field)  ind  were  both  next  most 
abundant  at  Transect  4  (a  rathei  mature  open  bottomland 


forest  dominated  by  cedar  elm).  Two  habitats  could  hardly 
be  more  different,  at  least  superficially.  It  is  therefore 
difficult  to  postulate  what  factors  in  the  environment,  if 
any,  resulted  in  the  positive  correlation  between 
population  sizes  of  birds  and  small  mammals. 

Average  population  size  of  birds  when  regressed 
against  bird  species  diversity  resulted  in  a  correlation 
coefficient  of  -.816.  That  is,  as  the  average  population 
size  of  birds  increased,  species  diversity  of  bir 
decreased.  There  is  no  a_priori  reason  why  this  should  be 
true.  The  answer  appears  to  lie  in  the  tact  that  the 
highest  bird  populations  were  those  at  Transects  4  and  6, 
where  numbers  of  a  single  species  (the  redwinged  blackbird) 
greatly  exceeded  numbers  of  all  other  species,  sometimes 
accounting  for  more  than  half  the  total  avian  population  on 
a  given  date.  The  tremendous  abundance  of  a  single  species 
greatly  changes  the  "equitability"  of  species  distribution 
(see  Lloyd  and  Ghelardi,  1964).  As  common  species  got 
commoner  (like  redwinged  blackbirds  in  the  present  study) , 
diversity  indices  decrease  in  value.  This  would  seem  to 
explain  the  negative  correlation  here  between  population 
size  and  species  diversity. 

Because  of  the  specific  habitat  preferences  of  most 
kinds  of  birds,  it  would  be  predicted  that  species  variety 
would  increase  as  habitat  diversity  increased.  The  positive 
correlation  (r=.607)  between  these  two  variables  in  the 
present  study  is  therefore  not  surprising  (though  this 
correlation  coefficient  is  not  quite  statistically 
significant  at  the  .05  level  of  probability).  This 
regression  line  is  shown  in  Figure  V-04.  Interestingly, 
although  number  of  species  increased  with  habitat 
diversity,  there  was  no  increase  in  bird  species  diversity 
with  habitat  diversity.  This  appears  to  result  from  the 
fact  that  even  though  number  of  species  influences  species 
diversity,  in  this  study  of  bird  populations  there  was  no 
significant  correlation  between  these  two  variables.  It 
would  seem  that  equitability  was  the  more  important 
component  of  the  Shannon-Wiener  function,  rather  than 
number  of  species.  Equitability  in  bird  populations  was 
apparently  not  closely  correlated  with  habitat  diversity. 

There  was  no  unidirectional  trend  in  avian  populations 
along  the  Trinity  River  in  population  size,  species 
variety,  or  species  diversity.  Population  size  was  not 
correlated  with  habitat  diversity,  suggesting  that  bird 
populations  were  approximately  the  same  density  in 
different  kinds  of  habitats,  when  bird  populations  were 
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compared  with  manual  populations  there  were  no  significant 
correlations  of  species  diversity,  species  variety,  or 
population  sizes  (with  the  one  exception,  already 
discussed,  that  bird  and  small  mammal  population  sizes  were 
positively  correlated).  Apparently  in  most  instances  the 
factors  influencing  diversity,  variety,  and  size  ot  bird 
and  mammal  populations  are  not  the  same. 

Hop-transect  Studies  ot  Birds 

A  limited  amount  oi  data  on  avian  populations  woi  «* 
gathered  from  observations  other  than  transect  censuses. 
These  pertained  primarily  to  wading  and  aquatic  birds. 
Courts  were  taken  on  six  different  dates  at  the  Fin  and 
Pea» her  Club  Lake  adjacent  to  Transect  2  (Table  V— 11),  and 
on  ten  different  dates  at  McCardell's  Lake  adjacent  to 
Transect  8  (Table  V-12).  The  abundance  and  variety  of 
waterfowl  and  other  aquatic  species  at  these  two  lakes  are 
probably  typical  of  that  at  most  of  the  swamps,  sloughs, 
and  oxbow  lakes  along  the  whole  length  of  the  Trinity 
River.  As  indicated  in  Table  V-12  there  is  a  large 
aggregation  of  nesting  herons,  egrets,  and  ibises  at 
McCardell's  Lake.  Resting  sites  preferred  by  the  smaller 
herons  and  egrets  were  principally  buttonbush,  whereas  the 
great  blue  heron  and  great  egret  preferred  tupelo  gums 
growing  in  the  middle  of  the  swamp.  Additional  studies  are 
presently  being  undertaken  in  regard  to  these  nesting  birds 
and  their  interrelationships  with  the  vegetation  and  water 
quality  in  the  swamp. 

Both  of  the  above  two  lakes  are  approximately  one  miJe 
long  and  roughly  100-200  acres  in  area,  but  they  are  very 
different  in  vegetational  structure.  The  Fin  and  Feather 
Club  Lake  is  primarily  an  open  body  of  water  with  a  marshy 
upper  end.  A  dike  runs  across  the  middle  of  the  lake  and 
alonq  the  east  and  south  sides  between  the  lake  and  the 
river.  Water  is  supplied  to  the  lake  primarily  from  Trinity 
River  overflow  once  every  two  or  three  years,  normally 
there  is  no  water  flowing  through  the  lake.  McCardell's 
Lake,  on  the  other  hand,  is  a  natural  swamp  with  very 
little  open  water.  Woody  vegetation  grows  almost 
everywhere,  and  there  are  relatively  extensive  areas  of 
pure  tupelo  gum.  There  is  a  very  small  marshy  area  at  the 
lower  end  where  water  leaves  the  lake  via  a  small  stream.  A 
low  amount  of  water  flowed  from  the  like  throughout  this 
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investigation,  but  the  source  of  water  entering  the  swamp 
was  not  determined. 

On  February  10  and  11,  observations  of  birds  were  made 
from  a  boat  along  •  an  eight  mile  stretch  of  the  Trinity 
River  from  the  Highway  162  bridge  at  Transect  9  downriver 
to  the  outlet  of  "Mud  Lake",  and  on  the  lake  itself.  Mud 
Lake  is  a  narrow,  shallow,  wooded,  floodplain  lake  .<bout 
3/4  of  a  mile  long,  through  which  Tanner  Bayou  and  Lit. tie 
Bayou  drain  into  the  river.  It  is  bordered  by  :« 
cypresses  and  has  many  cypresses  growing  in  the  shall  jw 
upper  end  of  the  lake.  Aguatic  and  wading  birds  recorded 
are  given  in  Table  v- 13.  Of  particular  interest  is  the 
large  number  of  great  egrets  and  great  blue  herons  which 
were  foraging  on  the  sandbars  and  nudflats  along  the  river, 
and  the  more  than  150  ducks  on  Rud  Lake.  These  data,  along 
with  those  previously  presented  indicate  that  the  small 
lakes,  swamps  and  sloughs  on  the  Trinity  River  floodplain 
are  utili2ed  fairly  extensively  by  waterfowl  during  the 
winter  months  and  early  spring. 

On  September  29,1972,  observations  were  made  near 
Transect  3  of  birds  migrating  south  immediately  following  a 
brief,  heavy  rainstorm  which  preceded  a  well-defined  cold 
front  moving  into  the  area  from  the  northwest.  Birds  wore 
flying  very  high,  mostly  singly,  taking  advantage  of  very 
high  winds  at  that  level.  Species  identified  are  shown  in 
Table  7-14.  Noteworthy  are  the  large  flocks  of  pelicans  and 
the  wide  variety  of  hawks,  including  a  single  peregrine 
falcon  (possibly  two),  on  the  following  morning  a  flock  of 
140  wood  storks  was  recorded  flying  to  the  south  over 
Transect  3. 

small  wading  birds  ("shorebirds”)  were  not  often  soen 
on  transect  censuses  since  suitable  habitat  was  usually 
lacking.  That  these  species  utilize  the  Trinity  River 
valley  as  a  migration  route,  however,  is  indicated  by 
observations  on  Hay  12,1973,  in  a  wet  field  adjacent  to 
Transect  3  on  the  river  floodplain.  Heavy  rains  the  night 
before  accounted  for  several  pools  of  standing  water  in  the 
field,  a  grassy  pasture  heavily  grazed  by  cattle.  In  a  two 
hour  period  of  observation  over  300  individuals  of  20 
different  kinds  of  shoreoirds  were  counted  (Table  V-15). 

During  this  study  three  species  of  birds  currently 
considered  rare  or  endangered  were  recorded  along  the 
Trinity  River  :  the  bald  eagle  (2  birds  at  Transect  4,  see 
Appendix  V-03) ,  peregrine  falcon  (1  or  2  birds  near 
Transect  3,  see  Table  V-14),  and  osprey  (1  bird  at  the  Fin 
and  Feather  Club  Lake, .see  Table  V-11).  In  addition  to 
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Table  V- 13 .  Shore  and  aquatic  birds  recorded  on  February 
10  and  11,  1973  at  Mud  Lake  and  along  an  eight  mile 
stretch  of  the  Trinity  River,  both  near  Transect  9 


Species 

Number  o 
River  Shore 

Individuals ‘ 

Mud  Lake 

double-crested  cormorant 

1 

anhinga 

2 

1 

great  blue  heron 

24 

3 

great  egret 

82 

mallard 

60 

green-winged  teal 

65 

wood  duck 

6 

50 

spotted  sandpiper 

5 

belted  kingfisher 

2 

‘counts  were  made  by  an  observer  in  a  bo  t,  during  a 
one-hour  period  in  late  afternoon  at  Mud  Lake  and  during 
a  45  minute  period  in  the  morning  on  the  river  (from  the 
Highway  162  bridge  downriver  to  the  Mud  i  ake  outlet)  . 


Table  V-15.  snail  wading  birds  (charadriiioraes)  recorded 
tros  a  50-acre  wet  field  adjacent  to  Transect  1  on  Hay  12, 
1973* 
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1  Counts  were  nade  by  a  single  observer  during  a  two  hour 
period  in  the  norning. 
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thes*  records,  two  adult  bald  eagles  were  seen  together  on 
February  17,  1973,  in  Leon  County  between  Transects  6  and 
7,  at  a  point  approximately  3  eiles  west  of  the  river, 
flying  toward  the  river  in  the  qeneral  direction  of 
Staneire  and  Clear  Lakes.  These  three  species  are  probably 
regular  aigraots  and  winter  visitants,  in  very  snail 
nuabers,  along  the  Trinity  River.  The  aore  renote  parts  of 
the  river  and  the  less  disturbed  lakes  and  swamps  are 
undoubtedly  used  for  foraging,  as  are  artificial  reservoirs 
such  as  Cedar  Creek  Reservoir  and  Lake  Livingston. 

SUHflARY 

Manual  and  bird  populations  were  regularly  censused, 
during  the  period  Septeaber,  1972  through  flay,  1973,  at  ten 
1,500  aeter  transects  situated  along  the  Trinity  River. 
Estiaates  of  population  sizes  were  nade  by  the  following 
aethods:  (1)  for  saall  aanaals  by  the  nuaber  of  animals 
caught  in  snap  traps  set  every  15  meters  along  each 
transect,  (2)  for  larger  aanaals  by  the  nuaber  ot 
individuals  seen  or  heard  and  the  nuaber  of  signs  (tracks, 
feces,  nests,  diggings,  etc.)  recorded  by  an  observer  while 
walking  along  each  transect,  and  (3)  for  birds  by  the 
nuaber  of  individuals  seen  or  heard  by  an  observer  while 
walking  along  each  transect  during  a  2-3  hour  period  in  the 
aorning. 

The  environaent  of  each  transect  was  classified  into 
four  aajor  categories:  woodlands,  thickets  and  edge, 
grasslands  and  fields,  and  aguatic  habitats.  A  crude  index 
of  habitat  diversity  was  calculated  for  each  transect  usin  ? 
the  Shannon-Wiener  function.  For  the  river  as  a  whole,  the 
ten  study  areas  were  composed  of  58%  woodlands,  19% 
thickets  and  edge,  18%  grasslands  and  fields,  and  3% 
sloughs,  swanps,  ponds,  and  river.  All  areas  were 
moderately  to  heavily  disturbed  by  past  or  present  human 
activities,  principally  livestock  grazing  and  timber 
removal. 

Species  diversity  indices  were  calculated,  using  the 
Shannon-Wiener  function,  for  both  uaunal  and  bird 
populations  at  each  transect,  and  also  for  three 
arbitrarily  defined  river  sections  (upper,  middle,  and 
lower)  and  the  river  as  a  whole.  Population  sizes  were 
coepared  statistically  by  the  use  of  a  t-test,  and  simple 
linear  regression  analyses  were  used  to  test  for  the 
presence  or  absonce  of  statistical  correlations  between 
such  parameters  as  species  diversity,  habitat  diversity, 
species  variety,  population  size,  and  transect  number. 


rwenty-eight  species  of  mammals  and  227  species  of 
birds  were  recorded  fron  the  ton  study  ireas  during  this 
investigation.  The  aost  widespread  and  abundant  mammals 
were  the  cotton  aouse,  armadillo,  swaap  rabbit,  fox  and/or 
gray  squirrel,  coyote,  raccoon,  and  white-bailed  deer  (the 
latter  principally  on  the  middle  rivei ) .  Cotton  mice 
constituted  aore  than  half  of  the  tot.  1  small  mammal 
population,  and  this  species  together  with  the  harvest 
mouse  aade  up  86%  of  all  aamaals  trapped. 

There  were  many  widespread  species  of  birds,  and  only 
a  relatively  few  were  confined  to  a  particular  river 
section.  Certain  birds  typical  of  central  md  west  Texas, 
however,  were  recorded  only  on  the  upper  river,  a  region 
where  such  species  as  the  white  ibis,  anhinga,  nooded 
warbler,  and  Swainson's  warbler  were  absert.  The  redwingrl 
blackbird  was  by  far  the  aost  numerous  avi^.n  species,  but 
other  very  coaaon  birds  were  the  blue  idy,  common  crow, 
Carolina  chickadee,  tufted  titmouse,  Carolina  wren,  robin, 
starling  (locally),  coaaon  grackle,  brow; -headed  co-bird, 
cardinal,  and  white-throated  sparrow.  Batei fowl  occurred  in 
moderate  nuabers  on  a  small  open  artificial  lake  ad  lacent 
to  Transect  2,  and  on  i  small  swamp  adjacent  to  Transact  8. 
Horona  and  egrets  bred  in  very  large  numbers  at  the  Utter 
site. 

The  overall  trapping  success  of  2.8%  indicates  that  in 
general  saall  aaaaals  vere  not  very  coamon  in  the  ten  study 
areas.  Saall  aaaaals  were  least  abundant  a'  the  two  most 
upland  transects  (1  anl  5)  and  aost  abundant  at  Transects  6 
(an  old  neglected  field  on  the  floodplain)  and  4  (a 
relatively  mature  bottomland  forest  dominated  by  cedar 
elm) .  There  were  no  statistically  significant  differences 
in  trapping  success  between  woodland,  thicket,  or  grassland 
habitats,  or  between  any  of  the  three  river  sections 
(though  trapping  success  was  somewhat  higher  on  the  middle 
river)  or  the  three  seasons.  Population  sizes  of  larger 
mammals  oft^n  differed  significantly,  but  most  noteworthy 
were  the  much  smaller  populations  at  Transects  8,  9,  md  10 
on  the  lower  river  (which  resulted  in  populations  of  Urger 
mammals  being  negatively  correlated  with  transect  number) . 
tt  is  suggested  that  the  large  number  of  wild  pigs  it  the 
latter  two  sites  may  b?  a  major  factor  in  the  reduced 
populations  of  larger  mammals  in  those  uraas.  Population 
sizes  of  larger  mamials  and  small  mammals  wore  not 
correlated . 

Population  sizes  >f  birds  ranged  from  169  to  3,401 
individuals  per  census.  There  wds  considerable  variation 
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between  dates  at  a  particular  transect,  so  that 
statistically  population  sizes  between  any  two  paits  of 
transects  were  not  significantly  different.  Nevertheless, 
the  highest  populations  were  at  Transects  4  and  6  where 
redwinged  blackbirds  were  aost  numerous,  and  during  the 
fall  and  winter  bird  populations  were  such  higher  on  the 
siddle  river  than  elsewhere. 

At  all  threa  seasons  bird  species  variety  was  jreat.es ‘ 
on  the  lower  river  and  least  on  the  upper  river,  on  al 
three  river  sections,  and  on  the  river  as  a  whole,  tho 
variety  of  birl  species  was  greatest  in  the  spring  and 
lowest  in  the  winter,  but  the  average  size  of  the  total 
avitaunal  population  was  highest  in  the  winter  and  was 
lowest  in  the  speing  (except  on  the  lower  river) .  Thus 
winter  was  the  tise  of  highest  ir dividual  nuabers  of  birds 
but  the  lowest  variety,  and  sprinc  was  the  tiae  of  greatest 
variety  but  lowest  nuaber  of  individuals. 

There  were  no  unidirectional  trends  a  long  the  Trinity 
River  in  population  size,  species  vaiiety,  or  species 
diversity  of  either  birds  or  aaaaals.  The  single  exception 
was  that  large  sassal  populations  were  ssaller  on  the  lower 
river  than  elsewhere. 

when  aaaaal  populations  were  coapared  with  bird 
populations  there  were  no  significant  correlations  of 
species  diversity  or  species  variety,  suggesting  that  the 
factors  which  influenco  these  parameters  in  aaaaals  are  not 
the  sase  as  those  for  birds.  Bird  and  snail  aamaal 
population  sizes  were  positively  correlated. 

Variety  of  birds  was  positively  correlated  with 
habitat  diversity,  but  vassal  var  ety  was  not.  Bird  species 
diversity  was  negatively  correlated  with  average  population 
size,  apparently  because  as  certain  avian  populations 
increased  due  to  large  flocks  of  i  edwinged  blackbirds  the 
eguitability  of  these  populations  declined,  lowering 
diversity  index  values.  Neither  bird  nor  aaaaal  species 
diversity  were  correlated  with  habitat  diversity.  This 
suggests  that  en vironaental  "quality"  nay  be  more  important 
in  influencing  species  diversity  of  these  aniaals  than  is 
variety  of  habitat  BSt-SSi. 

No  rare  or  endangered  aaaaals  were  recorded  during 
thi-  study.  Three  species  of  rare  or  endangered  birds  were 
seen:  bald  eagle,  osprey,  and  peregrine  falcon.  These  throe 
species  are  probably  regular  migrants  and  winter  residents 
along  the  Trinity  River,  in  very  small  numbers. 


A. 


ZOOLOGICAL  ELEMENTS 


PISHES 


INTRODUCTION 

In  a  previous  report  submitted  to  the  U.  S.  Army  Corps 
of  Engineers  (Hall,  1972)  the  occurrence  of  84  fish  species 
in  the  Trinity  River  drainage  system  was  documented. 
Species  were  listed  on  the  basis  of  numerous  field 
collections,  newspaper  reports,  published  documents, 
unpublished  Texas  Parks  and  Wildlife  Department  Dingell- 
Johnson  research  reports  and  personal  communication  with 
commercial  fishermen  along  the  Trinity  River. 

No  attempt  was  made  in  the  previous  study  to  enumerate 
or  discuss  at  length  the  myriad  of  ecological  factors 
operating  on  and  within  fish  populations  in  the  drainage 
system,  baseline  data  regarding  the  fish  specie;,  present 
and  their  distribution  within  the  system  were  obtained  in 
order  that  a  framework  of  reference  could  be  established 
for  the  present  study. 

Since  the  completion  of  the  report  mentioned  above, 
numerous  additional  Trinity  River  fish  species  records  have 
been  called  to  this  investigator* s  attention  by  Clark 
liubbs,  John  V.  Conner  And  Mark  Kelly,  all  of  whom  have 
collected  extensively  within  the  drainage  system.  No 
treatise,  as  such,  has  dealt  exclusively  with  the  i ishes  of 
the  Trinity  River  system  to  date  and  additional  spocies,  no 
doubt,  await  discovery  within  the  sprawling  system.  The 
additional  species  records  added  by  the  individuals  above 
are  listed  in  the  "Results”  section  of  this  report. 

Completion  of  the  inventory  of  fishes  in  the  system 
was  one  of  the  major  objectives  of  this  phase  of  the  study 
and  with  the  inclusion  of  the  additional  species  the 
overall  status  of  fish  populations  within  the  river  is 
somewhat  clearer.  It  should  be  emphasized,  however,  that 
the  inventory  is  not  yet  complete.  The  numerous  "marine 
invaders”  listed  by  Conner  (personal  communication)  in  the 
"Study  Areas"  section  or  this  report  attest  to  the  ever- 
changing  conditions  in  the  lower  river.  Increases  and 
decreases  in  salinity  due  to  flow  volume  determine  to  a 
large  extent  the  number  of  marine  species  likely  to  be 
found  in  the  lower  river  ai  any  given  time. 

The  130  fish  species  and  hybrids  presently  documented 
for  the  Trinity  River  compares  well  with  the  reports  of: 
Moore  and  Paden  (1950)  who  listed  a  total  of  92  fish 
species  from  the  Illinois  River;  Luce  (1933)  who  found  89 
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species  in  the  Kaskaskia  River,  Illinois;  Rozenbutg,  ot  al. 
(1972)  who  collected  56  species  in  the  Navasota  River, 
Texas;  Martin  and  Caepbell  (1953)  who  listed  68  fishes  froe 
the  Black  River,  Missouri;  and  Banarescu  (1961)  who  found 
83  fish  species  in  the  Danube  River  of  Europe.  These  river 
systeas,  with  the  exception  of  the  Danube,  are  unlike  the 
Trinity  in  that  they  do  not  ilow  directly  into  a  marine 
body  of  water.  The  greater  number  of  species  from  the 
Trinity  is  due,  largely,  to  the  influx  of  numerous  brackish 
water  and  marine  species  in  the  lower  zone  of  the  river. 

It  is  a  general  rule  that  the  number  of  fish  species 
increases  from  the  source  (s)  to  the  mouth  of  the  river,  as 
has  been  established  in  western  and  eastern  Europe  (liuet, 
1954,  1959;  Backiel,  1964),  South  America  (Kleerekoper , 
1955),  and  North  America  (Hallaa,  1959;  Larimoie  and  Smith, 

1963;  Rozenburg,  et _ 1972).  This  trend  has  also  been 

documented  for  the  Trinity  River.  Mark  Kelly  (personal 
communication)  has  documented  the  occurrence  of  55  extant 
species  in  the  headwaters  as  compared  to  approximately  125 
species  for  the  mid-  and  lower  reaches  of  the  system.  Some 
overlap  of  ubiquitous  species  occurs,  hence  the  totals 
above  reflect  the  occurrence  of  some  species  in  all  three 
zones  (headwaters,  aid-river,  and  lower  river)  and  are  used 
only  as  comparative  rather  than  absolute  numbers  of  species 
for  each  zone. 

Thompson  and  Hunt  (1930)  noted  that  there  is  a  more  or 
less  linear  relationship  between  the  logarithm  of  the 
drainage  area  upstream  from  a  collecting  station  and  the 
number  of  fish  species  occurring  there.  It  has  also  been 
confirmed  by  Muller  (1955a),  Hallan  (1959),  Tesch  and 
Albrecht  (1961)  ,  and  Larimore  and  Smith  (1963)  that  the 
total  number  of  individuals  of  all  species  per  unit  area 
declines  in  a  downstream  direction.  Thus,  there  are  fewer 
fishes  per  square  meter  (or  per  cubic  meter)  of  water  as 
one  proceeds  downstream,  although  the  individuals  are 
usually  larger  and  the  total  weight  per  unit  area  remains 
more  or  less  constant. 

The  basic  assumptions  underlying  most  ot  the  above 
"rules”  are  that  (1)  the  rivor  system  his  not  been 
significantly  modified  from  its  natural  state  by  the 
activities  of  man  (e.g. ,  introduction  ot  pollutants,  silt, 
pesticides,  etc.)  And  (2)  that  no  obstructions  are  present 
in  the  river  system  which  impede  or  prevent  the  migrations 
and  other  normal  movements  of  fishes.  Neither  of  the  above 
assumptions  holds  true  for  the  Trinity  River.  The  upper 
segment  of  the  river  is  polluted  by  various  domestic  and 


industrial  wastes  from  the  Dallas-Fort  Worth  metroplex  area 
(as  well  as  iron  other  cities  within  the  basin)  and  Lake 
Livingston  Dam  currently  obstructs  and  completely  prevents 
movement  of  fishes  above  river  mile  128  on  the  lower  river. 

Another  major  objective  of  this  phase  of  the  study  was 
to  examine  certain  selected  ecological  parameters  which 
influence  presently  existing  fish  populations  in  the  river. 
Eighteen  species  of  rough,  game,  and  forage  fishes  were 
arbitrarily  selected  for  "Profile  Analysis"  in  regard  to: 
habitat  preference,  reproductive  habits,  food  habits, 
economic  value,  specialized  adaptations,  and  possible 
effects  of  canalization  and  impoundment  upon  their 
population  densities.  It  should  be  stressed  that  the  last 
item  is  largely  speculative  and  depends  to  great  extent 
upon  canal  and  reservoir  design,  as  well  as  fisheries 
management  techniques  which  may  be  employed  in  the  future. 
These  1U  species  were  selected  primarily  upon  the  basis  of 
their  relative  abundance,  their  importance  in  the  Trinity 
River  aquatic  food  chain,  and  their  sport  and/or  commercial 
value. 

Some  of  the  ecological  factors  influencing  fish 
populations  which  will  be  considered  herein  include: 
current  velocity,  mean  water  depth,  shoreline  development, 
bottom  substrates,  fecundity,  dissolved  solids,  storage 
ratios  of  reservoirs,  age  of  the  impoundment,  and  water 
level  fluctuation.  Jenkins  (1964,  1968,  1970)  has  reported 
oil  the  effects  of  many  of  these  environmental  variables  in 
h.is  surveys  of  artificial  impoundments  in  the  south  and 
Southwestern  United  States  (including  several  Texas 
reservoirs,  though  none  were  within  the  Trinity  River 
basin).  In  addition,  Hynes  (1970)  dealt  with  various 
aspects  of  river  ecology  which  directly  or  indirectly 
influence  fish  populations. 

MATERIALS  AND  METHODS 

Field  studies  were  initiated  on  this  phase  of  the 
Trinity  River  Project  during  October,  1972  and  were 
completed  during  early  Hay,  1973.  Ten  widely  separated 
sampling  stations  were  established  from  the  upper  reaches 
of  the  river  near  Fort  Worth,  Texas  downstream  to  near  the 
mouth  of  the  Trinity  River  at  Trinity  Bay.  These  sites 
(previously  described.  Chapter  I)  were  selected  on  the 
basis  of  their  ecological  uniqueness,  location,  habitat 
diversity,  or  other  important  features. 
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Little  Held  work  was  accomplished  daring  this  phase 
of  the  study  because  of:  (1)  excessive  rainfall  in  the 
watershed  throughout  tue  study  period  which  resulted  in 
extremely  high  water  levels  in  the  river;  (2)  an  extremely 
cold  winter  marked  by  several  snows  (3)  an  unaccountable 
delay  by  the  Texas  Parks  and  wildlife  Department  in 
granting  a  renewal  of  a  scientific  collecting  permit  for 
fishes  ;  and  (4)  refusal  of  the  Texas  Parks  and  Wildlife 
Department  to  issue  an  electrofishing  permit  for  this 
study. 


During  the  limited  periods  during  which  field 
collections  could  be  made  fishes  were  collected  with: 
common  sense  minnow  seines  (1/4  and  3/8  inch  mesh  sizes) , 
drag  seines,  gill  nets,  and  hoop  nets.  Pishes  were 
preserved  in  the  field  in  10%  formalin  and  later,  in  the 
lab  were  sorted,  identified,  cataloged,  and  placed  in  fresh 
10%  formalin. 

Creel  census  data  were  also  obtained  by  direct 
conversation  with  fishermen  and  by  examination,  with  their 
permission,  of  their  catch.  Data  were  recorded  on  a 
mimeographed  "Creel  Census  Data  Sheet"  (Appendix  V-05) . 
These  were  found  to  be  of  limited  value  due  to  the  lack  of 
angling  during  the  extended  periods  of  high  water. 

A  16  foot  Monarch  DW  flat  bottom  Jon  boat  and  20  hp . 
Chrysler  outboard  motor  were  used  for  reconnaissa nee  and 
collecting  trips  on  the  river. 

Air  and  water  temperatures  were  obtained  during  each 
collection,  as  well  as  data  regarding  aquatic  vegetation, 
bottom  type,  water  depth,  flow  velocity,  method  of  capture, 
turbidity,  dissolved  oxygen,  pH,  and  detergents.  These  data 
were  recorded  in  the  field  on  prepared  data  sheets 
(Appendix  V-06) . 

Taxonomic  keys  and  checklists  used  for  identification 
of  fishes  collected  during  this  survey  included:  Moore 
(1968) ,  Hubbs  (1970,  1972),  Eddy  (1957),  Smith-Vaniz 
(1968),  and  Parker,  et  al .  (1971). 

The  common  name  listed  for  a  fish  species  in  this 
report  is  that  which  has  been  selected  and  approved  by  the 
American  Fisheries  Society's  Committee  on  Names  of  Pishes 
as  published  by  Bailey,  e£_§l..  (1970). 

unpublished  data  regarding  fish  species  in  the  Trinity 
River  and  their  distribution  within  the  system  have  been 
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contributed  by  John  V.  Conner,  Clark  Hubbs,  and  Mark  Kelly. 

STUDY  AREAS 

Add^t^onfl.  Species ...  Records 

In  this  seven-month  study  7033  fishes  were  collected 
which  represented  9  families,  13  qenera  and  V)  spuci.es.  A 
previous  five-year  study  by  Lamb  (1957)  documentei  he 
occurrence  of  57  species  within  the  Trinity  River  sys  em. 
Hall  (1972)  expanded  the  list  to  84  species.  Spe.iei. 
records  recently  obtained  from  Clark  Hubbs  (personal 
communication)  have  resulted  in  the  inclusion  of  12 
additional  species  (Table  V-16).  Data  supplied  by  Hark 
Kelly  (personal  communication)  have  added  4  additional 
species  (Table  V-  1  <>)  for  the  system.  In  addition,  Conner's 
data  have  resulted  in  the  inclusion  of  28  additional 
species  and  hybrids,  most  of  which  are  "marine  invaders"  ol 
the  lower  Trinity  River.  Kelly  and  Conner  also  listed 
several  species  whose  status  in  the  system  is  in  doubt  for 
one  reason  or  another.  The  "questionable  specie:  "  are 
listed  separately  in  Table  7-17. 

In  addition  to  the  44  newly-documented  spec  es  by 
Hubbs,  Kelly,  and  Conner,  2  additional  species  ha\e  been 
added  by  our  field  work  during  this  phase  of  the  | roject 
(one  of  these,  the  black  buffalo,  was  also  li: ted  by 
Conner).  These  two  species  are  also  listed  in  Table  \-16. 

One  additional  species  record  has  been  found  in  the 
literature.  Dendy  and  Scott  (1953)  listed  the  southern 
brook  lamprey  from  1  his  system. 

All  totaled  there  are,  at  present,  130  document  d  fish 
species  for  the  Trinity  River  system.  For  the  mo:.t  part 
these  are  ubiquitous  and  apparently  no  endemic,  rase,  or 
endanqered  species  occur  within  the  system  (Conner, 
personal  communication;  Miller,  1971). 

According  to  Conner  (1973)  the  Trinity  River  per _ se 

forms  a  range  boundary  for  very  few  fish  species. 
Apparently  only  two  species,  the  emerald  shiner  and  the 
creek  chub,  have  the  Trinity  as  their  western  limit.  He 
notes  that  the  Trinity,  however,  does  seem  to  limit  the 
eastern  distribution  of  several  species  such  as  the 
stoneroller,  chub  shiner,  silverband  shiner,  sand  shiner, 
plains  killifish,  Mississippi  silverside,  and  orangethroat 
darter.  Most  of  these  appear  to  be  restricted  to  the  upper 
portions  of  the  Trinity  River,  i.e.,  above  the  coastal 
plain. 


Table  v-16.  Additional  fish  species  and  hybrids*, reported  fros  the  Trinity  River 
drainage  systea* 
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The  taxonomic  relationship  between  the  Mississippi 
silverside  and  the  tidewater  silverside  presents  an 
enigaatic  pcoblea  which  is  currently  under  investigation  by 
several  workers.  Apparently  both  species,  if  in  fact  they 
are  separate  species,  do  exist  in  the  Trinity  River  systen. 
In  addition,  there  aro  populations  which  show  a  oosaic  of 
morphological  features,  thus  indicating  that  hybridization 
aay  be  occurring  between  the  two  groups  or  that  they  nay, 
in  fact,  be  conspecific  uith  a  great  deal  of  (Morphological 
variation  existing  between  various  populations. 

To  further  complicate  Matters  the  transitional  zone 
between  fresh  and  saltwater,  i.e. ,  the  estuary  at  and  near 
the  aouth  of  the  Trinity  Biver,  harbors  aany  fish  species 
which  aay  be  tenporary  or,  in  some  cases,  long-term 
inhabitants  of  the  lower  river.  Seasonal  fluctuations  in 
river  flow,  salinity,  turbidity,  dissolved  solids, 
dissolved  oxygen,  etc.,  unguestionabl y  influence  the 
movement  of  aany  of  the  brackish-water  and  aarine  species 
upstreaa  and  freshwater  species  downstrean. 

Questionable  records  of  fish  species  from  the  Trinity 
River  systea  are  listed  in  Table  V-17.  Certain  of  the 
species  such  as  the  paddlefish  and  the  pallid  shiner  were, 
no  doubt,  once  present  but  have  apparently  disappeared 
within  recent  years  (Hull,  1972;  Conner,  1373).  Others  such 
as  the  stonecat  and  the  shortnose  gar  have  apparently  been 
included  as  a  part  of  the  Trinity  ichthyofauna  by  Bistake 
(Fowler,  1945;  Laab,  1957) .  Still  other  species  such  as  the 
Mexican  tetca  and  the  goldfish  have  been  stocked  either 
intentionally  or  unintentionally. 

Recently  introduced  aon-nati/e  gaae  fish  species  in 
the  Trinity  River  watershed  are  listed  in  Table  ?-18.  The 
striped  bass  is  now  found  in  approximately  the  lower  two- 
thirds  of  the  systea  while  the  walleye  has  been  stocked  in 
Garza-Little  Els  Reservoir  near  Dallas,  Texas. 

Criteria  soaetimes  used  for  the  inclusion  of  fish 
species  in  an  inventory  checklist,  i.e.,  that  a 
reproducing,  self-sustaining,  well-established  population 
aust  be  evident,  are  not  followed  herein.  The  presence  of 
any  fish  species  in  the  Trinity  Fiver  system,  as  documented 
by  any  valid  aethod,  is  deeaed  sufficient  for  inclusion  in 
this  survey. 

?ishe£ies_Resga££h_Da ta 

Host  of  the  data  presented  in  the  following  section 
have  been  obtained  by  the  investigator  and  associates  by 
the  use  of  seines  and  gill  nets  during  the  limited  periods 
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of  accessibility  to  the  river.  Data  included  in  Tables  V-19 
and  V-20  however,  were  provided  by  Texas  Parks  and  Wildlife 
Departaent  personnel  headquartered  at  Sheldon  Reservoir 
near  Houston,  Texas  and  were  obtained  by  the  use  of 
electrofishing  gear. 

Attention  is  called  to  the  fact  that  weights  in  the 
two  tables  aentioned  above  are  expressed  in  pounds,  whereas 
in  all  other  tables  the  unit  of  weight  used  is  the  gras. 

lo  attespt  will  be  Bade  herein  to  correlate  data  with 
specific  station  sites  as  previously  established  for  this 
study.  Several  of  the  stations  were  ispossible  to  sanple 
during  this  study  because  of  complicating  factors  nentioned 
earlier.  In  addition,  the  dispersal  of  fishes  during  high 
water  also  aakes  quantification  and  estimation  of 
population  sizes  untenable.  The  only  absolute  nethod3  for 
obtaining  conplete  data  on  fishes  per  unit  area  or  unit 
voluse  of  water  are  to: (1)  drain  the  body  of  water  and 
collect  all  fishes  or,  (2)  kill  all  fishes  in  the  area  by 
sose  sethod.  Neither  of  these  aethods  was  feasible  during 
this  study. 

Table  V-19  based  on  electrofishing  sanples  taken  July 
12,  September  13,  and  December  6,  1972  at  the  Texas  State 
Highway  21  bridge  reveals  the  condition  of  the  Trinity 
River  fish  populations  at  or  near  its  confluence  with  Lake 
Livingston.  Eighteen  fish  species  were  present,  most  of 
which  are  well-adapted  to  lake-type  environments  which  is 
prism  facie  evidence  of  lake  influence  upstream  to  this 
point.  Of  the  387  individuals  taken  at  this  station  only 
56,  14.48*,  were  game  fish.  In  total  weight,  however,  the 
gaae  fish  comprised  55.65*  of  the  overall  total;  thus 
indicating  that  tha  individual  gaae  fish,  on  the  average, 
were  much  larger  than  the  coarse  or  non-game  individuals. 

Table  V-20  presents  data  wh  ch  are  somewhat  enigmatic 
in  that  the  number  of  specie?  (20)  taken  at  the  Trinity 
River  bridge  on  Texas  State  Highway  19  exceeds  the  number 
of  species  taken  further  upstream  and  out  of  Lake 
Livingstou  proper,  as  listed  in  "able  V-19.  Lake  stations 
usually  possess  fewer  species  than  stream  or  river 
stations,  but  that  was  not  true  in  this  instance.  The  total 
number  of  indivi  luals  taken  also  exceeds  that  for  the 
upstream  station  (1026  vs.  387).  The  low  number  of  game 
fishes  reported  in  Table  V-20  is  also  surprising  in  that 
Lake  Livingston  is  generally  conceded  to  be  an  excellent 
lake  with  a  large  game  fish  population.  The  generalization 
is  probably  true  and  the  samples  from  one  station  do  not 
reflect  the  overall  condition  of  game  fish  populations 
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Table  V- 20.  Results  of  electrofishing  samples  Jcly  11,  septenber  12,  and  Decenber  5,  1972 
Trinity  River  at  Highway  19  bridge  crossing* 
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Data  supplied  by  Texas  Parks  and  Hildlife  Departeent  personnel 


within  the  lake.  Two  forage  fish  species*  the  gizzard  shad 
and  the  threadfin  shad*  were  very  abundant*  coaprising 
86.5%  of  the  total  nuaber  of  fishes  collected.  The  average 
weights  of  these  two  species  were  low*  thus  indicating  that 
they  were  saall  enough  to  serve  as  food  iteas  for  the  gaae 
fish  populations.  Catfishes  and  sunfishes  doainated  the 
gaae  fish  populations  at  this  site*  which  is  to  be  expected 
in  lakes  of  this  geographical  region. 

Data  (Table  V-21)  froa  the  Loop  12-Trinity  River 
bridge  collecting  site  at  the  south  edge  of  Dallas  indicate 
that  conditions  were  not  favorable  for  fish  populations 
there  at  the  tiae  of  saapling.  Hosguitof ish  and  gizzard 
r.;iad  were  the  only  fishes  taken  and  these  were  not  present 
in  abundance.  Personal  coanunication  with  residents  and 
fisheraen  in  the  area  indicated  that  gaae  fishes  are 
virtually  unknown  froa  this  segaent  of  the  riv»r.  Carp* 
gars,  bullhead  catfishes*  and  other  rough  fishes  are 
occasionally  taken  by  anglers*  sighted  in  the  river*  or 
found  after  fish  kills.  Ruch  organic  waste  is  discharged  in 
';«>  the  river  iaaediately  upstreaa  froa  this  station  so  the 
paucity  of  fish  species  is  not  unexpected. 

Data  (Table  V-22)  froa  the  Post  and  Paddock  Riding 
club  area  between  Port  North  and  Dallas  are  guito  siailar 
to  those  froa  the  Loop  12-Trinity  River  bridge  station. 
Species  diversity  was  low  with  one  species*  the  red  shiner 
coaprising  99.66%  of  the  total.  Hosguitofish*  gizzard  shd, 
and  black  bullhead  catfish  were  the  only  other  spec  res 
collected  at  this  station.  All  four  of  these  species  are 
known  to  be  tolerant  of  adverse  ecological  conditions  and 
are  aaong  the  nost  pollution-tolerant  species  of  i his 
geographical  region.  The  degree  of  pollution*  as  judgec  by 
visual  observation*  at  this  station  did  not  appear  to  b<>  as 
groat  as  at  tho  Loop  12-Trinity  River  station.  In  spite  of 
the  better  overall  appearance,  no  gase  fishes  were  take  i  at 
this  site. 

A  hiatus  in  gaae  fish  populations  in  the  Trinity  River 
apparently  exists  fron  near  Port  North  downstreaw  to  the 
Crockett*  Texas  area.  Gaae  fishes  do  currently  exist  west 
ot  Fort  North  in  the  headwaters  of  tho  Trinity  River 
drainage  systea  (Hark  Kelly*  pers.  Coas.)*  but  conditions 
are  apparently  so  bad  in  the  aes*  indicated  above  that 
virtually  no  gase  fishes  are  found  and  few  rough  fish 
species.  Joe  Hayhev*  as  quoted  in  the  Houston. Chroniclg 
October  14*1972  said  "...the  upper  Trinity  River  is  so 
polluted  it  will  support  only  trash  fish  such  as  carp  and 


alligator  gars.”  Hayhew  further  stated*  "...that  recent 
soloings  in  the  river  yielded  only  one  sport  fish,  a 
catfish,  between  the  Loop  12  bridge  in  Dallas  and  the  Texas 
7  bridge  near  Crockett.  He  said  the  river  is  devoid  of 
adequate  oxygen  to  support  sports  fish  fron  Dallas  to  the 
South  Freestone  County  line,  north  of  Crockett.  Hayhew  said 
gar  and  carp  can  live  in  water  with  insufficient  oxygen  for 
sports  fish."  Clearly  the  situation  is  not  presently 
favorable  for  the  development  of  gase  and  sport  fish 
populations  over  a  large  porion  of  the  aid*  and  upper 
segments  of  the  Trinity  River. 


Collections  were  aade  at  Lake  Livingston  Daa  in  the 
Trinity  River  by  seine  and  gill  nets  on  February  2  and  3, 
1973,  respectively.  Relatively  still  water  in  this  area 
enabled  these  investigators  to  use  gill  nets  one  of  the  few 
times  during  this  phase  of  the  study.  The  data  froa  these 
collections  are  presented  in  Tables  V-23  and  V- 24, 
respectively.  The  seine  sample  (Table  V-23)  did  not  yield 
any  gase  fish  species.  Relatively  large  nunbers  of 
tidewater  silversides  and  threadfin  shad,  however,  were 
taken.  Gill  net  sanples  (Table  V-24)  were  sore  successful 
in  capturing  larger  fish  species.  Rough  and  forage  fish 
species  coaprised  99.23%  of  the  total  individuals  collected 
via  gill  net.  Gizzard  shad  and  river  carpsuckers  dominated 
gill  net  saaples  with  92.31%  of  the  total  being  coaprised 
of  these  two  species.  Only  one  game  fish,  a  black  crappie, 
was  taken  by  gill  net. 

The  negative  effects  of  high  water  in  the  Trinity 
River  and  its  tributaries  on  saapling  were  vividly 
illustrated  in  collections  aade  at  Richland  Creek  (Table  V- 
25)  and  the  Trinity  River  at  th©  Highway  287  bridge  (Table 
v-26).  Only  one  species  was  taken  at  each  of  these  sites, 
the  golden  shiner  at  the  Highway  287  bridge  and  the  red 
shiner  at  Richland  Creek.  These  sample  sites  are  within  the 
zone  discussed  by  Hayhew  which  is  generally  unsuited  for 
the  aaintenance  of  gaae  fish  populations.  Ho  gaae  fish  were 
taken  in  either  of  these  saaples. 

Collections  aade  upstreaa  froa  the  Texas  State  Highway 
21  bridge  on  the  Trinity  River  near  Midway,  Texas  in  early 
March,  1973  (Tables  V-27  and  V-28)  shoved  soaevhat  greater 
diversity  than  the  stations  further  upstreaa  but  still 
failed  to  produce  significant  gaae  fish  populations.  Red 
shiners  and  bullhead  ainnows,  both  small,  forage  fish 
species,  dominated  both  collections.  These  ubiquitous 
species  are  present  in  practically  all  samples  taken 
anywhere  in  the  river  systea. 
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DISCUSSION 

In  the  following  pages  an  atteapt  has  been  made  to 
synthesize  and  condense  data  regarding  habitat  preference# 
reproductive  habits#  food  habits#  specialisations#  economic 
value#  and  probable  response  to  iapoundaent  and 
channelization  for  18  of  the  nost  inportant  fish  species  in 
the  Trinity  liver  system.  Published  data  are  extensive  for 
sone  of  these  species#  but  lacking  for  others. 

Construction  of  dans  is  known  to  result  in 
considerable  change  in  the  fish  fauna  of  a  river  system 
(Keith#  1968;  Fritz#  1968)#  but  few  detailed  "before-and- 
after"  ecological  surveys  have  been  conducted  to  deternine 
the  extent  of  and  the  underlying  reasons  for  these  changes. 
It  is  the  intent  of  this  discussion  to  provide  basic  data 
on  life  histories  of  several  of  the  most  inportant  fish 
species  in  the  river  system. 


t 
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PISH  SPBCIES  PROFILE  *1 

Common  Name:  Largemouth  Black  Bass 


Habitat  Preference:  This  species  is  widely  distributed  in 
rivers  and  lakes  of  Bast  Texas  and  prefers  areas  of 
submerged  aquatic  vegetation,  logs,  stuaps,  brush,  and 
underwater  rock  foreations.  It  is  typically  found  in 
relatively  deep,  quiet,  sof t-bottoaed  areas.  Upper  and 
lover  lethal  temperatures  for  this  species  acclieated  at 
20°C  are  32. 5°C  and  5.5°C,  respectively  (Brett,  1956). 

Reproduction :  This  species  normally  begins  spawning  in 
Texas  in  early  spring  (February-Hay)  when  water 
temperatures  approach  60 ®F.  Circular  nests  are  usually 
constructed  in  water  2-8  feet  deep  on  practically  any 
substrate  other  than  soft  aud  bo t tons.  In  heavily  wooded 
lakes  this  species  has  been  known  to  spawn  on  the  top  of 
subaerqed  logs.  Feaales  deposit  2000-25,000  eggs  in  the 
nest  and  are  then  drivon  away  by  the  sale.  Fry  hatch  in  5- 
10  days,  depending  upon  water  teaperature,  and  are  then 
guarded,  in  a  school,  by  the  Bale  for  several  days.  This 
species  aay  reach  sexual  maturity  and  apawn  at  one  year. 
Life  expectancy  is  estimated  to  be  6-10  years.  Aveaage  size 
is  2-6  pounds. 

food  habits: 

Young:  plankton,  saall  insect  larvae,  snail  fish,  insects, 
crayfish,  frogs 

Adults:  larger  fish,  frogs,  crayfish,  snakos,  etc. 


S2g^ftlllAligILS-illg£Jgllflj^ifiSaiiL-Khy§i.glo3itcilx _ Behavioral^ 

etc;.  1 :  Protective  coloration  consisting  of  bars,  blotches, 
and  generally  dark  color  pattern  provides  concealment; 
streamlined  body  for  speed  in  swimming  and  large  mouth  for 
ingestion  of  large  prey;  adults  nay  form  schools  which  feed 

en _ j&sge  on  schools  of  gizzard  and  threadfin  shad;  hiqhly 

predaceous. 

Economic  Value;  This  is  the  most  popular  and  most  sought- 
after  game  fish  in  Texas.  This  species  is  also  quite 
edible.  Bore  time  and  money  are  spent  in  quest  of  this  fish 
than  any  other  species  of  freshwater  fish  in  the  state.  No 
commercial  fishery  exists  for  this  species. 

gyobqble _ Sespgnse _ tg _ channelization;  This  species  is 

adaptable  to  lake-type  sluggish  water  habitats  and  probably 
will  not  be  extremely  adversely  affected  by  the 
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iepoundaents  and  canal  i|  suitable  spawning  substrates  are 
aada  available  2 JC  i*  sufficient  nuabers  of  young  can  be 
reared  and  stocked  in  the  systea  by  Texas  Parks  and 
Wildlife  Departaent  hatcheries  located  throughout  the 
state.  Like  aost  other  gaae  fish  species  the  population 
size  will  decline  as  the  canal- iapoundaant  systea  aq«-s. 
Therefore,  short-tera  effects  will  probably  be  positive, 
while  long-tera  effects  will  be  negative. 


308 


FISH  SPECIES  PROFILE  12 
Coaaon  Ease:  spotted  Bass 


Habitat  Preference:  This  species  prefers  each  the  saae  type 
environaient  as  the  largeaouth  bass#  but  is  generally 
considered  to  be  a  sore  riverine  species.  In  addition,  it 
seens  to  prefer  clearer  lakes  and  streans  than  the 
largeaouth  black  bass.  This  fish  is  native  to  rivers, 
natural  lakes,  and  streaas  of  East  Texas.  Fron  previous 
work  (Hall,  1972)  this  species  appears  to  be  far  less 
nunerous  than  the  largeaouth  bass  in  the  Trinity  Hiver 
drainage  systea. 

Reproduction ;  Little  is  known  regarding  the  spawning  habits 
of  this  species  other  than  the  fact  that  ii  is  a  nest- 
builder.  Data  froa  flcCune  (1971)  indicate  that  i  his  species 
aigrates  upstreaa  in  the  spring  to  spawn  in  saall 
tributaries  of  lakes  and  rivers.  Spavning  probably  occurs 
at  an  earlier  date  than  for  the  closely  related  largeaouth 
bass.  Average  size  is  usually  1-2  pounds  with  a  aaxiaua  of 
about  5-6  pounds. 

Food  Habits:  Toung  feed  on  plankton,  insect  lai vae,  saall 
fish,  and  insects,  whereas  adults  feed  priaarily  on  larger 
fish,  crayfish,  and  frogs. 

specialisations  (florphttlQgigiU-EhgfilQlafllc.al^ 
etc.) :  Saae  as  for  largeaouth  bass  in  regard  to  color 
pattern,  speed,  and  large  south,  but  no  data  are  available 
on  schooling  habits  in  this  species. 

Econoalc  Value:  Highly  valued  as  a  food  and  gane  fish.  Mo 
coaaerical  fishery  exists  for  this  species. 

Probable  Bespoke  to  channelization:  The  initial  iapact  on 
this  species  will  probably  be  negative  since  it, 
presuaably,  prefers  flowing,  clear  water  for  day-to-day 
living  and  spawning.  Locks  and  dans  nay  ? ?pede  Migration 
and  the  lentic  nature  of  the  canal  and  its  iapoundnents  nay 
not  be  conducive  to  adequate  spawning  in  this  species.  As 
with  the  largeaouth  bass,  the  long-tern  effects  will 
probably  be  negative. 
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PISH  SPECIES  PROFILE  *3 
Coanon  Bane:  Bluegill 


Hafei^at..  Preference;  This  fish  prefers  shallow,  weedy  areas, 
but  will  thrive  in  a  variety  of  habitats.  It  is  widely 
distributed  in  the  U.S.  And  is  native  to  the  Trinity  River 
systee.  Adults  usually  show  a  preference  for  deep  water, 
while  the  young  frequent  shallower  areas.  Upper  and  lower 
lethal  tenperatures  for  this  fish  accliaated  at  20°C,  are 
.ipproxiaately  31.5°C  and  5.0°C,  respectively  (Brett,  1956). 

Reproduction:  This  species  spawns  over  an  extended  period 
of  tine,  beginning  when  water  teaperatures  reach  65°P  and 
continuing  on  into  the  fall.  It  is  quite  prolific  and 
overpopulation  and  stunting  aay  result  fros  the  high 
reproductive  potential  of  this  species.  Bests  are  typical 
"sunfish-type"  circular  nests  and  are  built  on  sand  or 
grnvel  shoals.  It  is  a  colonial  nester  with  beds  of  100  or 
nore  in  soae  areas.  A  nature  feaale  aay  spawn  100,000  eggs 
pei  spawning  season.  This  fish  aay  attain  a  length  of  12 
inches  and  a  weight  of  1  pound,  although  the  average  size 
is  uuch  saaller. 

Pop4 _ Habi,tq;  Young  noraally  feed  on  plankton,  snail 

infects,  and  algae,  while  adults  take  insects,  crayfish, 
saell  fish,  and  various  types  of  aquatic  vegetation. 

■S.Eg£.iajLi£aUgBg-iflg££hgA2aiSfllxJe]liai2lgaigalJ-_fleJiayifl£al;t 
etc„ ) :  One  of  the  aost  advantageous  traits  of  this  species 
is  its  high  reproductive  potential.  In  addition,  sales  nay 
unto  with  several  teaal.es  over  the  extended  spawning 
period.  Protective  coloration  of  dark  vertical  bars  on  the 
:;idos  of  the  body  provides  for  concealment  in  aquatic 
vegetation.  This  species  also  utilizes  aany  types  of  food 
items  in  its  diet. 

F.conoaic  Value:  Highly  valued  as  a  food  and  gaae  fish  by 
aany  anglers.  This  is  a  sporty,  but  snail  fish  with  firs, 
tasty  flesh.  No  coanercial  value  because  of  its  saall  size. 

£E2kable _ Response _ £o _ Channel-l^q^ioni  Probably  negative 

since  sand  and  gravel  substrates  noraally  used  in  spawning 
nay  be  lacking.  The  deaersal  ("heavier  than  water")  eggs 
produced  by  this  species  are  not  suited  for  developaent  in 
nud  or  silt  substrates.  Also,  if  shoreline  aquatic 
vegetation  is  removed  froa  the  canal,  little  or  no 
protection  will  be  available  for  this  species.  High 
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reproductive  potential  may  partially  compensate  for 
the  handicaps  above* 


FISH  SPBCIBS  PROFILB  •« 
Coaaon  laae:  Redear  Sunflsh 


Habitat  Preference:  The  redear  sunflsh  generally  prefers 
deep  waters  of  lakes  and  streaas.  This  fish  also  apparently 
prefers  areas  of  lakes  and  streans  with  Halted  aaounts  of 
vegetation.  This  species  is  coaaon  the  Trinity  River  systea 
(Hall,  1972) . 

Reproduction:  This  fish  gen<  rally  spawns  in  early  spring  in 
deeper  water  than  the  bluet  ill  and  probably  does  not  spawn 
over  a  prolonged  period  of  i  iae  as  doea  the  bluegill.  It  is 
a  colonial  nester  and  c<  ngregates  in  large  schools  for 
spawning.  The  redear  does  n<t  overpopulate  as  readily  as 
the  bluegill.  Redears  aay  .  ttain  a  length  of  12  inches  and 
a  weight  of  2  pounds. 

Food  Habits:  loung  feed  on  ;  lankton  and  adults  take  snails, 
bottoa  organisas,  and  saall  fishes. 

specializations  (Horphologi  al,  Physiological* _ 

gtfij.li  This  is  one  of  he  larger  "panfishes"  so  it  is 
probably  not  as  susceptible  to  predation  as  aany  of  the 
saaller  sunfishes.  Co  onial  nesting  facilitates 
reproduction. 

ffconoaic  Value:  Highly  de  irable  food  and  sport  fish. 
Relatively  large  size  and  ira,  tasty  flesh  sake  this  fish 
one  of  the  aost  sought  afte  species  of  the  "cane  pole" 
crowd.  Ho  coaaerical  value. 

Probable _ Response _ £o _ Channelization:  Probably  negative 

because  ~of  the  spawning  habitat  requireaents  and  lower 
reproductive  potential  thar  the  bluegill. 
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FISH  SPECIES  PROFILE  «S 
Coiion  Ease:  Black  Crappie 


Habitat  Preference:  This  fish  Is  predoa inately  United  to 
the  clear  acid  waters  of  East  Texas  anil  Is  typically  found 
around  subaerged  logs,  brush,  stuops,  and  aquatic 

vegetation.  It  is  cosson  in  the  Trinity  River  drainage 
systes,  although  it  is  less  nuaerous  than  the  closely 
related  white  crappie. 

Reproduction;  Black  crappie  readily  overpopulate  waters 
resulting~in  large  nunbers  of  stunted  fish.  Spawning  occurs 
in  Harch-April  in  Bast  Texas  waters.  Nests  are  typical 
circular  "sunf ish-type".  k  10-inch  fesale  say  spawn  14,000 
eggs  per  spawning  season.  Hater  tenperatures  of 
approximately  58-64°F  are  required  for  spawning.  Sexual 
maturity  is  usually  attained  at  2-3  years.  Black  crappie 

nay  nest  in  gravel  areas  or  on  botton  saterials  muddier 
than  those  acceptable  to  other  sunfishe3  (Eddy  and  surber, 
1947)  . 

Pood  Habits:  Young  usually  feed  on  plankton,  snail  fish, 

and  insects  while  aquatic  and  land  insects,  larger  fishes, 

and  crustaceans  normally  are  taken  by  adults  (Harlan  and 
speaker,  1956;  Sigler,  1959).  This  species  is  highly 
predaceous  and  apparently  coapetes  sore  with  the  largenouth 
and  spotted  basses  than  with  other  sunf ishes. 

iBgsiaUaftUg&s-  iflaERfcatealssUJiiaalgl  sals*!*— 
ate.) :  Probably  a  colonial  nester  (although  data  are 
Tacking) ;  adaptable  in  its  food  habits;  normally  found  in 
large  schools;  quite  prolific;  dark  color  and  blotches  on 
the  sides  of  the  body  also  provide  concealment. 

g£2B2»lS  Value:  Highly  valued  as  a  food  and  gase  fish. 
Crappies  are  the  largest  of  the  so-called  "panfishes"  and 
are  readily  taken  by  the  angler  during  the  spring  spawning 
season.  No  commercial  value. 

probable  Response  toChaanelizaftiqnj  This  species  adapts 
veil  to  a  lake-type  environsent  and  probably  would  not, 
initially,  be  extreaely  adversely  affected  by 
channelization  suitable  spawning  substrates  wece  Bade 

available.  Removal  of  all  shoreline  bmsh  and  vegetation 
would  be  detrinental  to  this  species.  The  long-term  effect 
is  negative,  as  with  nost  other  gaae  ard  sport  species. 
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PISH  SPECIES  PROFILE  66 
Coaaon  Raae:  Whit*  Crappie 


Habitat _ Preference:  White  crappie  tolerate  turbid 

conditions  better  than  black  crappie  (Real,  1963).  They  are 
also  generally  aore  tolerant  of  vara,  sluggish  waters  than 
black  crappie.  White  crappie  usually  predoainate  in  waters 
with  pH  values  over  7.0  (Toole,  1950).  They  are  fond  of 
cover  such  as  aguatic  vegetation,  logs,  brush,  etc.  They 
are  found  in  both  flowing  and  still  waters.  This  species  is 
quite  coanon  in  the  Trinity  River  systen. 

Rqprod uction:  This  fish  usually  spawns  in  Bast  Texas  froa 
iriarch-July  beginning  when  water  tesperatures  reach 
White  crappie  often  spawn  near  brush  piles,  stuaps,  or  rock 
outcroppings  (Toole,  1950) ,  but  they  seen  to  prefer  to 
deposit  their  eggs  on  plant  naterials  (Hansen,  1951; 
Whiteside,  1964).  Sexual  naturity  is  usually  attained  i  i  2- 
3  years.  A  10-inch  feaale  say  produce  25,000  eggs  per 
spawning  season.  This  species  has  a  tendency  to 

overpopulate  and  becone  stunted  (Goodson,  1966) . 

Popd  Habits;  Zooplankton,  crustaceans,  insects  and  fishes 
are  coaaonly  eaten  by  both  young  and  adults  (Harland  and 
Speaker,  1956;  Sigler,  1959).  Growth  rates  of  white  crappie 
are  significantly  reduced  in  turbid  waters  (Hall,  et  al«. 
1954)  . 

Specializations  (Horphological.  Physiologigal. _ Behavioral, 

e^9« ) :  This  species  is  very  prolific  and  adapts  we'l  to 
alkaline  lake  waters.  They  also  fora  schools  and  are  able 
to  renain  active  and  feed  at  low  tesperatures  (Gooc son, 
1966).  This  species  is  also  able  to  tolerate  high  water 
tesperatures  in  southern  latitudes.  This  fish  is  also 
adaptable  in  its  food  habits  and  is  highly  predaceous. 

B^pnoaic  Walue:  Highly  valued  as  a  food  and  gaae  tish. 
Easily  caught  by  anglers  during  the  spring  spawning  season 
and  at  night,  during  suaaer,  under  lanterns  and 
floodlights.  Ro  coaaercial  fishery  exists  for  this  species. 

Probable  Response _ _ Channelization:  A  sustained  white 

crappie  yield  can  be  expected  only  if  adequate  cover  is 
retained  in  the  canal  system.  If  this  requireaent  is  net 


and  if  a  large  forage  fish  population  (e. g. ,  threadfin 
shad)  is  present  in  the  systee  this  species  should  thrive. 
High  turbidity  will  favor  this  species  to  the  exclusion  of 
the  black  crappie.  The  long- tern  effect,  as  for  the  other 
gane  fish  species,  appears  to  be  negative. 


PISH  SPECIES  PROFILE  *7 


I  - 

Coaaon  Haae:  Mbits  Bass 


This  species  thrives  in  rivers  and 
larger  lakes  of  East  Texas  and  is  coaaon  in  the  Trinity 
River  systea.  It  prefers  open  water  of  lakes  over  sandy 
shoal  areas  and  ridges.  Young  are  often  found  in  shallow 
inshore  areas.  The  white  bass  was  originally  found  in  Texas 
only  in  Caddo  Lake,  but  has  been  widely  distributed  and  is 
now  found  statewide  (McCune,  1971). 


Reproduction:  The  white  bass  is  very  prolific  and  a  nature 
faaale  nay  produce  up  to  1  Billion  eggs  at  one  spawning 
(floore,  1963)  .  When  flowing  tributaries  are  available  this 
species  prefers  to  aigrate  upstceaa  to  spawn.  It  does, 
however,  spawn  over  windswept  sand  and  gravel  areas  of 
lakes.  Fry  hatch  in  2-3  days  ,and  usually  reach  a  size  of  8- 
9  inches  the  first  year. 


Food  Habits:  Adults  feed  priaarily  on  forage  fishes  such  as 
gizzard~and  threadfin  shad.  Pry  feed  on  plankton,  gradually 
changing  to  a  diet  of  insects,  crustaceans,  and  fish  as 
they  nature.  Life  expectancy  is  usually  3-6  years.  Average 
size  usually  ranges  froa  1- 1-1/2  pounds  with  a  aaxiaua  of 
approximately  5  pounds. 


i£9£iaUzaii:g£a-.15g^Eb<zj:°al9^j.,-Ehy>lglg3lsdAi _ tefeaiiasalx 

etc.) :  This  species  is  well-known  for  its  schooling 
behavior.  Schools  often  feed  en  ||§3g  on  schools  of  forage 
fishes.  The  white  bass  is  not  easily  reared  in  hatcheries, 
but  stocking  is  usually  unnecessary  because  of  the  high 
reproductive  potential.  This  is  a  voracious,  f ast-swiaaing, 
fast-growing  species. 


Bconoeic  Value:  This  species  is  highly  valued  as  a  gaae  and 
food  fish  by  the  fisherman.  The  fLesh  is  firs  and  edible. 
It  is  readily  taken  by  the  sport,  fisherman  on  jigs,  spoons, 
spinner  baits,  winnows,  etc.  Mo  commercial  value. 


gtQfrdfrlg  Response  t<?  pfragnelizatiop:  This  species  adapts 
well  to”  lake-type  '  habitats,  especially  when  numerous 
tributaries  are  present  which  allow  spawning.  If  access  to 
such  tributaries  is  allowed  in  the  construction  of  the 
canal-inpoundaent  systea  this  species  will  probably  thrive 


siace  it  is  not  highly  dependent  upon  shoreline  vegetation 
or  other  underwater  cover.  This  is  an  open-water  fish  with 
an  extreaely  high  reproductive  potential,  both  of  which 
attributes  will  be  advantageous  in  adapting  to  a  non¬ 
flowing  or  eoderately-flowing  canal- iupoundaent  systea. 


t 
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PISH  SPECIES  PROFILE  *8 
Coaaon  Wane:  Striped  Bess 


Habitat  Preference:  this  species  is  an  anadronous  saltwater 
fish  native  to  the  Atlantic  coast  of  the  U.S.  There  it 
noreally  aigrates  upriver  daring  the  spawning  season. 
Striped  bass  are  now  present  in  the  Trinity  River  systes 
where  they  have  been  stocked  by  the  Texas  Parks  and 
Wildlife  Depart sent.  This  is  an  open-water,  deep-water 
species  of  lakes  and  large  rivers. 

Reproduction:  spawning  occurs  in  spring  in  flowing  water  of 
streass.  Plowing  water  is  necessary  to  keep  the  eggs  in 
notion  until  they  hatch,  therefore  this  species  requires  a 
flowing  river  length  of  appro iaately  50  ailes  for 
successful  reproduction.  Water  t<  aperature  of  60°P  or 
slightly  higher  is  required  for  spawning.  Eggs  are 
broadcast  in  areas  with  considerable  current  (Raney,  19‘>2) . 
Sixty  hours  after  fertilization,  at  64°p,  the  eggs  hatch. 
The  young  reach  a  length  of  9aa  ten  days  after 
fertilization  (Pearson,  1938). 

Pood  Habits:  Young  striped  bass  noraally  feed  on  snail  fish 
and  crustaceans  while  adults  feed  prinarlly  upon  clupeid 
(shad-like)  fishes  (Goodson,  1964;  Stevens,  1958). 

gpggihUgnipBs  itesEh2laalsftia^lti§lgigaj,fi*la _ 

etc.l :  This  species  adapts  well  to  freshwater  environaents 
and  is  able  to  feed  on  large  forage  fishes  (e.g.,  gizzard 
shad)  thus  occupying  an  otherwise  vacant  niche  in  sost 
inland  freshwater  lakes.  It  is  tolerant  of  a  wide  range  of 
teaperatures.  Like  the  white  bass,  it  forns  schools  and 
aeabers  of  a  school  noraally  feed  S&.1&SS9  on  schools  of 
forage  fishes.  This  is  a  large  (30-40  pounds) ,  fast¬ 
growing,  f ast-svianing,  highly  predaceous  fish. 

dconoaic  Valuer  The  striped  bass  is  a  highly  valued  food 
and  gaae  fish  in  areas  where  a  sufficiently  large 
population  density  peraits  a  fishery.  This  species 
currently  is  of  United  value  in  the  Trinity  River  3ystea 
because  of  its  scarcity.  Wo  coaaercial  fishery  exists  in 
the  Trinity  River,  at  present,  for  this  fish. 
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Probabls  Response  to  Channelization;  Debatable.  Spawning  is 
probably  impossible  now,  before  channelization,  and  farther 
iapoundnent  and  consegaent  reduction  of  flowing  water  will 
further  redace  the  possibility  of  spawning.  The  only  sethod 
for  developing  a  striped  bass  fishery  in  the  Trinity  Biver 
systea  is  by  periodic  stocking.  K  high  aortality  rate  in 
fingerlings  is  cosaon,  therefore  it  will  be  difficult  to 
establish  this  fish  within  the  systea.  Since  the  striped 
bass  is  an  open-water  species  it  nay  adapt  well  to  the 
larger  lakes  of  the  systea  and  nay  survive  in  the  deeper 
waters. 


» 
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PISH  SPECIES  PROFILE  «9 
Coaaon  Haae:  Channel  Catfish 


Hgbltat  Preference:  The  channel  catfish  prefers  flowing 
water  of  rivers  and  streaas  but  also  adapts  well  to  lake- 
type  environaents.  It  say  aigratf  upstrean  in  swift  water 
since  it  tends  to  seek  out  channels  and  reacts  positively 
toward  currents  (Boore,  1963).  This  fish  is  coaaon  in  the 
Trinity  River  systea. 

Reproduction;  Spawning  usually  occurs  froa  Nay-July  in 
Texas  as  the  water  teaperature  reaches  75°P  (HcCune,  1971) . 
Spawning  areas  are  sought  under  large  rocks  and  ledges,  in 
hollow  logs,  or  in  holes  swept  out  in  aud  banks.  Artificial 
containers  have  also  been  used  with  success  in  fish 
hatcheries.  The  nuaber  of  eggs  spawned  by  a  sexually  nature 
feaale  usually  ranges  upward  fron  10,000.  The  sale  cares 
for  the  eggs  after  spawning. 

Fpod  Habits:  oanivorous.  The  channel  catfish  feeds  on 
practically  any  type  of  organic  natter,  dead  or  alive. 
Coeaon  food  iteas  taken  include  i:ish,  freshwater  aussels, 
algae,  pondweeds,  snails,  insects,  crayfish,  nice,  cotton 
rats,  toads,  frogs,  etc. 

specialisations  iaptBhalagififl3^_  aislgAnaigfllx— Egfeaiioralx 
etc.) ;  The  diverse  diet  is  advantageous  to  this  species. 
The  body  is  straaalined  and,  thus,  well-adapted  to  fast¬ 
flowing  waters.  Care  of  the  eggs  by  the  sale  insures  a  high 
hatch  rate.  This  specj.es  is  also  guite  tolerant  of  high 
temperatures  and  low  oxygen  leveLs. 

Economic  Value:  This  is  one  of  t ie  lost  important  food  and 
gaae  fishes  of  the  Trinity  River  systea.  It  is  taken  year- 
round  by  sport  and  coanerical  fishernen. 

Et2babl§_££§£2a£2_la_£b&Jlfialillit2#i  **  *ith  the  other  gase 
fish  populations  there  should  be  a  positive  effect 
initially,  but  a  gradual  decline  in  nuabers  as  the 
iapoundaents  age.  Reduction  ii  the  nuaber  of  possible 
spawning  sites  in  the  canal  proper  aay  be  partially 
alleviated  by  the  increased  nu  iber  of  sites  in  the  larger 
reservoirs  of  the  systea.  Higrat  >ry  habits  of  this  fish 
will  probably  assure  dispersal  throughout  the  systea.  The 
fish  is  coaaon  in  the  systea  now  and  no  stocking  will  be 
necessary  to  establish  it  in  the  iapoundaents. 
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PISH  SPECIES  PROFILE  *10 
Coaaoo  Haae:  Blue  Catfish 


Habitat  Preference:  This  species  seeas  to  prefer  deeper 
waters  of  rivers  and  lakes,  cosing  into  the  shallower  back¬ 
waters  in  the  spring  (Hoore,  1963) .  It  is  relatively  coaaon 
in  the  lower  Trinity  River,  but  is  rarer  upstrean.  This 
fish  is  native  to  the  larger  rivers  of  Texas  and  has  been 
stocked  in  aany  Texas  lakes  (HcCune,  1971). 

Repyo^gction:  Little  is  known  regarding  the  spawning  habits 
of  the  blue  catfish,  but  it  is  supposedly  sinilar  to  the 
channel  catfish  in  regard  to  nest  site  selection,  care  of 
eggs  by  aale,  etc.  This  species  spawns  in  Texas  in  Hay  and 
June. 

Fogd  qabits;  The  blue  catfish  feeds  priaarily  on  fish, 
crustaceans,  insects,  aguatic  insect  larvae,  fresh  water 
aussels,  and  other  living  or  dead  aaterials.  This  fish  nay 
reach  a  sixe  of  100  pounds  or  aore. 

specialisations  inorphologlcal,  Fhisio 
ety. 1 '  Sane  as  for  channel  catfish. 

Econoalc  Value:  This  is  a  highly  value  1  food  and  gane  fish, 
but  is  less  abundant  than  the  closely-related  channel 
catfish.  This  fish  is  taken  by  sport  and  coaaercial 
fisheraen  in  the  Trinity  River  basin. 

Provable  Response  To  Channelization:  The  effects  on  this 
fish  are  debatable  due  to  the  la  :k  of  data  regarding 
spawaing  habits,  etc.,  but  presuaably  it  will  follow  the 
pattern  outlined  previously  for  the  channel  catfish. 


PISH  SPBCI8S  PBOPILB  *11 


Coaaon  Base:  Flathead  Catfish 


Habitat  Preference:  this  large  catfish  is  coaaonly  found  in 
the  large  rivers  and  lakes  of  Texas  and  is  very  coaaon  in 
the  Trinity  River  systea.  Flatheads  generally  prefer 
sluggish,  deep  waters  which  have  an  abundance  of  logs, 
undercut  banks,  brush,  etc. 

Reproduction ;  the  spawning  period  of  this  species,  in 
Texas,  usually  begins  in  late  fay  and  aay  extend  through 
August.  Hales  select  hollow  logs,  underwater  caves,  or  rock 
crevices  as  nesting  sites.  Th»-  feaale  then  deposits  her 
eggs  and  the  sale  actively  defend:-  thes  until  the  fry  hatch 
(usually  4-6  days,  depending  up><n  water  teaperature)  .  The 
fry  disperse  aleost  iaaediitely  after  hatching  (HcCune, 
1971) . 

Pood  Habits :  fincierlings  feed  on  insect  larvae  for 
approxiaately  the  first  yea:  with  a  gradual  transition  to  a 
fish  diet,  Adolts  feed  alao.t  exclusively  on  snail  fish. 
Adults  reach  100  pounds  or  lore  and  aay  live  15-20  years  or 
longer. 

2R9ciaUzftU2n§-Ifl<>££lL2l°3i  iigjg3L2fligftlx— tehavjgsala. 
etc. ) :  care  of  the  eggs  b f  the  sale  reduces  predation  and 
insures  a  high  hatch  rate.  The  aottled  color  pattern, 
particularly  in  the  young,  also  provides  concealaent  froa 
predators.  This  species  adapts  well  to  large  lakes. 

Bconoaic  Value:  this  is  a  highly  valued  food  fish  because 
of  its  large  size,  excellent  table  qualities,  and  ease  of 
capture  (via  trotline,  hoop  net,  gill  net,  rod  and  reel, 
etc.).  This  is  on*  of  the  aost  important  coaaercial  fishes 
of  the  Trinity  Biver  systea. 

Probable  Response  'Co  Channe liz at:  oiji  possibly  few  adverse 
effects  will  acc::ue  to  this  sp<  cies  since  it  is  adaptable 
insofar  as  diet  and  type  of  aguai  ic  habitat  are  concerned. 
Possible  adverse  effects  aay  r»  suit,  however,  if  suitable 
nesting  sites  are  lot  available  in  the  canal-iapoundaent 
systea.  Coaplete  clearing  of  all  tinber,  renoval  of 
shoreline  vegetation,  and  eliain<  tion  of  undercut  banks  aay 
significantly  red  ice  possible  spawning  sites  for  this 


species.  Sose  progress  has  been  aade  in  rearing  this 
species  in  fish  hatcheries,  therefore  an  adequate 
population  could,  perhaps,  be  naintained  by  a  stocking 
progras  if  necessary. 
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FISH  SPECIES  PROFILE  *12 
Coaaon  Wane:  Coaaon  Carp 


Habitat  Preference;  This  species  is  found  throughout  the 
Trinity  liver  system.  It  nay  be  found  in  the  aainstreaa, 
tributaries,  lakes,  and  oxbows.  It  was  introduced  in  Texas 
in  the  late  1800*s  (Hecune,  1971) .  This  is  priaarily  a 
vara-water,  pollution-tolerant  fish.  Soae  preference  is 
shown  for  sluggish  water  over  fast-flowing  streaas. 

Reproduction :  This  fish  is  very  prolific.  Saall  (3-5  pound) 
feaales  aay  spawn  op  to  700,000  eggs  per  spawning  season 
(floore,  1963) .  Eggs  are  strewn  about  in  shallow  weedy 
water.  The  eggs  stick  to  aquatic  vegetation  and  no  care  is 
provided  for  eggs  or  young. 

yopd  Habits;  The  fry  feed  on  plankton  while  adults  are 
oainvorousT  Organic  detritus  and  saall  bottoa  organises  are 
coaaonly  taken  as  well  as  saall  fish  and  other  saall,  free- 
swiaaing  aquatic  organisas.  Growth  is  usually  quite  rapid 
with  weights  of  50  pounds  or  aore  attainable.  This  species 
aay  live  up  to  47  years  in  captivity  (HcCune,  1971). 


etc.) :  Oanivorous  food  habits,  high  reproductive  potential, 
and  the  ability  to  live  in  practically  any  kind  of  aquatic 
habitat  (including  even  brackish  water  along  the  Texas 
coast)  aake  this  one  of  the  hardiest  and  aost  widespread 
fishes  in  the  Trinity  River  systea. 


Hcononjc  Value:  This  species  is  generally  held  in  low 
esteea,  but  sport  and  coaaercial  fisheraen  do  frequently 
take  this  species.  The  nuaerous  sharp  interauscular  bones 
and  "Buddy  taste"  usually  deter  tne  would-be  consumer,  but 
it  i3  eaten  by  soae.  This  fish  is  large;  easily  taken  in 
gill,  hoop,  and  traaael  nets;  and  is  aarketed  by  comaercial 
fisheraen  along  the  lower  Trinity  River. 


Probable, Response _ To _ Channelization;  This  species  will 

probably  thrive  in  a  canal-iapoundaent  systea,  since  it  is 
highly  adaptable  to  nearly  all  agiatic  habitats. 


J24 


FISH  SPECIES  PROFILE  113 
Coaaon  Male:  Saallaouth  Buffalo 


Habitat  Preference:  This  species  notaally  prefers  deeper 
waters  of  rivers  and  lakes,  but  generally  shows  a 
preference  for  flowing  water  (Hoore,  1963) .  This  fish  is 
-oaaon  in  the  aainstreaa  and  oxbow  lakes  of  the  lower 
Trinity  River. 

reproduction:  Spawning  occurs  in  the  spring  at  water 
temperatures  of  60-65°F.  The  eggs  are  randomly  strewn  in 
shallow  water  over  aguatic  vegetation  or  aud  bottoas.  The 
eggs  hatch  in  7-14  days.  Ho  parental  care  is  provided 
during  or  after  the  incubation  period.  Large  nuabers  of 
eggs  are  produced  by  nature  females. 

PQqd  Habits:  The  diet  includes  algae,  seeds  of  aquatic 
plants,  saall  aollusks,  insect  larvae,  and  numerous  species 
of  bottom  organises.  Haxiaua  size  for  this  fish  is 
approxiaately  15-20  pounds. 

see£iaii£aiig£§_ia9£Bh2jL2aig:>lA-Pkigl9  aaigai, _ fiakaxiaiiii. 

etqf ) :  The  diverse  diet  is  beneficial  o  this  species  as  is 
the  high  reproductive  potential. 

Bconoaic  Value;  his  is  one  of  the  aost  important 
coaaercial  fishes  of  the  lower  Trinity  River.  It  is 
occasionally  taken  by  anglers,  but  more  often  is  taken  by 
coaaercial  fisheraen  using  gill,  ho >p,  and  traaael  nets. 
This  fish  has  numerous  intermuscular  bines,  but  the  flesh 
is  firm  and  tasty. 

Probable  Response  To  Channelization;  :the  overall  impact 
upon  this”species  will  probably  be  ne jative  since  it  seems 
to  prefer  deep,  flowing  water  rather  t  lan  slugcish,  shallow 
waters.  It  apparently  does  not  a  iapt  we] 1  to  large 
impoundments.  This  species  is  currentl r  neithe:  propagated 
nor  stocked  by  the  Texas  Parks  and  Wildlife  Department, 
therefore  natural  stocks  may  not  be  able  to  establish  and 
maintain  large  populations  in  the  canal-impoundment  system. 


FISH  SPECIES  PROFILE  114 


Coaaoo  Maae:  Freshwater  Draw 


Habitat  Preference:  Ubiquitous.  This  fish  adapts  well  to 
iapoundaents  and  is  found  in  all  aajor  rivers  of  Texas, 
including  the  Trinity.  This  fish  is  usually  found  in  aediua 
to  shallow  depth  water  with  soft  bottoas  (Hinckley,  1963). 

Reproduction ;  Mo  nest  is  constructed  by  this  species.  The 
pelagic  (free-floating)  eggs  are  broadcast  over  gravel  or 
clay  bottoas.  Orua  usually  spawn  in  large  schools  during 
Hay  and  June.  Mo  care  is  provided  for  eggs  or  fry. 

Fogd  Habits:  The  fry  noraally  feed  on  plankton  while  adults 
feed  upon  aquatic  insects,  crustaceans,  snails,  clans, 
snail  fish,  etc.  (Hoore,  1963).  This  fish  nay  attain  a 
weight  of  40  pounds  or  aore. 

SpmidAlMUgBa-.iias.BhglagigaLL.gkf  ilglggigiL _ gihaUaials 

otc.l :  This  fish  is  highly  adaptable  to  diverse  aquatic 
unvirounents.  The  diverse  diet  and  high  reproductive 
potential  are  also  advantageous  traits. 

Econoaic  Value;  Fire,  white  flesh  with  few  bones  sales  the 
deaand  for  this  fish  guito  high.  This  is  one  of  the  top 
conaercial  species  taken  fron  the  Trinity  Elver  and  is 
marketed  under  the  naaes  of  Mgou»,  ’•gasper-gou’* , 
"rockfish",  etc.  This  fish  is  also  taken  by  sport  fisheraen 
on  live  bait3,  such  as  sinuous  and  woras.  The  large  size 
and  ease  of  capture  make  the  fresh* iter  drum  one  of  the 
highly  nought  coanercial  fishes  of  the  river. 

g£2j2aU§.JiSSJ22jase _ To _ CjiaMgUMUSlil  Probably  positive. 

This  fish  adapts  well  to  ispounded  water  and  is  found  froa 
the  headwaters  of  the  Trinity  to  the  Gulf.  The  diverse 
diet,  tolerance  of  turbid  water,  and  high  reproductive 
potential  are  factors  which  should  favor  this  species  in  a 
canal  systea. 


i 
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FISH  SPECIES  PROPILE  #15,16 

ConoD  Naae:  Longnose  Gar  6  Alligator  Gar 


Habitat  Preference:  Gars,  in  general,  prefer  vara  lakes  and 
slow-moving  streams.  During  the  suamer  they  frequent  the 
surface  waters  and  lie  motionless  for  ainutes  at  a  time 
(Suttkus,  1963).  In  streaas  below  barriers  (such  as  Lake 
Livingston  Daa)  large  numbers  of  longnose  gar  can  be  seen 
basking  or  surfacing  for  air  on  warn  sunny  days.  Alligator 
jars  nay  winter  in  deep  holes  of  the  lower  Trinity  River  or 
Trinity  Bay  (Lloyd  Brannen,  pers.  Conn.).  Both  species  are 
very  coanon  in  the  Trinity  River. 

reproduction :  Spawning  takes  place  in  fresh  water  froa 
April  to  mid-July.  Gar  aove  into  the  shallows  to  spawn  with 
‘ach  feaale  accoapanied  by  1-4  Bales.  Eggs  are  strewn  about 
■ nd  fertilization  is  external.  Both  eggs  and  ailt  are 
;>oisonoua.  The  eggs  are  adhesive  and  adhere  to  the 
.ubstratua.  No  care  is  provided  for  the  eggs  or  young. 

Food  Habits:  Gar  feed  priaarily  on  other  fishes,  most  of 
which  are  forage  fishes  such  as  gizzard  shad.  In  the  lowor 
Trinity  River  blue  crabs  and  striped  aullet  are  common  food 
iteos.  Garbage  has  also  been  reported  as  part  of  the  diet 
by  Suttkus  (1963).  Alligator  gars  weighing  over  300  pounds 
have  been  reported  and  longnose  gars  over  1<>0  pounds  are 
coaaonly  taken  froa  the  lower  Trinity  River. 

Specializations  (morphological.  Physiological,  Behavioral, 
etc.) :  Gars  are  ancient  fishes  which  show  a  multitude  of 
advantageous  traits  such  as  thick,  ganoid  scales  which 
coapletely  cover  the  body;  an  air-breathing,  highly 
vascularized  swiabladder;  nuaerous  large,  sharp  teeth;  high 
reproductive  potential;  poisonous  sex  products;  diverse 
diet;  etc. 

Economic _ Value:  Both  longnose  and  alligator  gars  ace 

commonly  taken  and  marketed  by  commercial  fisheraen  along 
the  lower  Trinity  River.  These  are  very  important 
commercial  fishes  and  many  are  processed  into  fish  sticks, 
fish  cakes,  etc.,  by  various  seafood  processors  (Hall, 
1972)  . 
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ECfifegfelS _ glgPQftM— Ift-- ghaaftglllfttlQftj  The  long  nose  gar 

thrives  in  e  shallow  lake-type  environment ,  therefore  its 
response  should  be  positive.  The  alligator  gar*  however, 
does  not  appear  to  be  quite  as  adaptable  to  large 
inpoundaents  and  thus  aay  not  fan*  guite  as  well  as  the 
losgnose  and  spotted  gars.  Both  the  longnose  and  alligator 
gar*  however*  should  establish  large  populations  within  the 
confines  of  the  canal-ispoundsent  systes. 
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FISH  SPICIBS  PI0FIL1  #17,18 

Coaaon  laac:  Gizzard  Shad  8  Threadfin  ihad  _ 

4  9  ■ 

Habitat  Frafarancax  Both  thaaa  apeciaa  art,  qoaaonly  found 
In  flowing,  as  wall  aa  sluggish  waters  and  both  abound  in 
the  Trinity  River  aystea.  Both  appear  to  favor  open,  deep, 
clear  water;  and  abrupt  shoreline,  little  or  no  shoreline 
vegetation,  and  waters  which  contain  large  plankton 
populations  (Biller,  1960). 

Bqprod uction :  Spawning  season  for  both  species  is  froa 
April-July  at  teaperatures  ranging  froa  50-70®F  (Jester  and 
Jensen,  1972).  Various  substrates  such  as  sandy,  gravel- 
covered  bars;  silt  beds;  etc,  are  utilised.  Water  depths 
used  for  spawning  range  froa  6  inches  to  SO  feet.  Eggs  are 
adhesive  and  soae  sink  to  the  bottoa  while  others  float. 
Spawning  noraally  occurs  in  large  schools  with  auch  rolling 
and  tuabling  in  evidence.  Bo  parental  care  is  provided  for 
eggs  or  fry.  nature  feaalea  aay  spawn  up  to  70,000  eggs  per 
season. 


Food  Habits:  Buaeroas  food  iteas  are  taken  by  these  filter¬ 
feeding  fishes,  such  as  algae,  cladocerans,  plant  debris, 
water  sites,  aquatic  insect  larvae,  stall  aollusks,  snail 
fish,  etc.,  (Jester  and  Jensen,  1972).  Gizzard  shad  aay 
attain  a  length  of  18  inches  while  threadfin  shad  seldoa 
exceed  12  inches. 

Specializations  morphological*,  ghlttlalttfllcnl, _ fiahaiifitAl* 

Etc.) ;  The  treaendous  reproductive  potential  and  diverse 
diet  are  the  aajor  factors  which  assure  the  success  of 
these  two  species.  Schooling  aay  also  be  advantageous. 

E^ gnomic  Value:  These  saall,  bony  fiahes  are  not  usually 
eaten  by  huaans,  but  they  do  serve  as  a  basic  link  in  the 
aquatic  food  chain.  Both  are  excellent  forage  fishes  and 
serve  in  the  diets  of  aost,  if  not  all,  gaae  fishes  (and 
soae  rough  fishes)  in  the  Trinity  Biver  system.  Bo 
coaaercial  fishery  or  sport  fishery  exists  for  these  tvo 
species. 

&£2fe2i>l2.£23£2&l£ _ 12 _ Channelization  t  Probably  positive. 

Fluctuating  water  levels  favor  gizzard  shad  production  and 
and  increase  in  total  dissolved  solids  favors  both  species 


nrtjr1 


(Jenkins,  1970).  Both  species  should  flourish  in  a  canal- 
iapoundaent  systen.  The  richness  (high  organic  content)  of 
the  waters  of  this  systea  should  assure  good  growth 
conditions  for  both  spacies. 


4 


3J0 


The  difficulties  in  assessing  the  effects  of 
ecological  parameters  on  fish  populations  in  reservoirs 
have  been  well- stated  by  Jenkins  (1964,1968,1970).  Various 
workers  have,  in  the  past,  used  aany  data  in  an  attespt  to 
correlate  fish  production  with  various  parameters.  In  an 
attempt  to  utilize  and  analyze  only  the  aost  significant 
data  regarding  reservoirs  and  fish  production,  Jenkins 
(1970)  used  fish  standing  crop  data  from  140  reservoirs, 
which  at  that  tiae  comprised  25%  of  the  total  surface  area 
in  the  U.S.  The  data  were  derived  froa  population  saapling 
studies  conducted  by  fishery  agencies  in  17  states, 
including  520  annual  suaaaries  based  on  over  2,000 
individual  saaple  areas. 

Tho  various  parameters  used  by  Jenkins  ate  listed, 
with  the  results  of  his  Logarithmic  Partial  Correlation 
analysis,  in  Table  V-29.  For  a  definition  of  terms  used  in 
the  table  the  reader  is  referred  to  the  original 
publication.  Fishes  which  do  not  occur  in  the  Trinity  River 
system  have  been  deleted  from  Jenkins'  data. 

Jenkins  has  summarized  some  of  the  important 
environmental  conditions  in  regard  to  sports  fishns  as 
follows: 

"some  generalizations  on  sport  fish 
production  influents  (0.20  confidence 
interval)  include:  with  increase  in  reservoir 
area  a  decrease  in  bullheads,  sun  fishes  and 
black  basses;  with  increase  in  mean  depth,  an 
increase  in  sunfishes  and  decrease  in  channel 
catfish,  largenouth  bass  and  white  crappie; 
with  increase  in  outlet  depth,  an  increase  in 
combined  sport  fish  crop;  with  ircreased 
water  level  fluctuation,  an  increase  in 
tlathead  catfish,  black  bass  and  white 
crappie  and  a  decrease  in  sunfish  crops;  with 
increase  in  storage  ratio  (i.e.,  lower  water 
exchange  rate) ,  increase  in  bullhead,  channel 
catfish,  largenouth  bass,  and  white  crappie 
crops  and  decreases  in  flathead  catfish, 
bluegill  and  longear  sunfish;  with  increased 
shore  development,  increase  in  channel 
catfish,  white  bass  and  bluegill  and  increase 
in  redear  sunfish  and  black  crappie;  with 

increase  in  TDS  (total  dissolved  solids)  ,  f 

increase  in  catfishes,  white  bass,  green 
sunfish,  largenouth  bass  and  whito  crappie 
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and  a  decrease  in  blueqill,  varnouth  and 
black  crappie  crops." 

With  respect  to  forage  fishes  Jenkins  (1970)  stated 
that  "Forage  fish  (gizzard  and  threadfin  shad)  crops  are 
positively  influenced  by  increase  in  TDS.  Gizzard  shad 
production  also  responds  positively  to  increased  outlet 
depth,  but  negatively  to  water  level  fluctuation.  Threadfin 
shad  is  positively  iniluenced  by  growing  season  length  and 
negatively  by  storage  ratio." 


Proa  Jenkins  (19b>)  Multiple  Regression  Analyses  soae 
general  relationships  were  apparent  between  standing  crop 
and  environaental  coni  itions.  These  were:  (1)  with  an 
increase  in  total  diss<  Lved  solids  there  was  an  increase  in 
standing  crop  and  sport  fish  yield;  (2)  with  increased  age 
of  the  reservoir  thtre  was  an  increase  in  gizzard  and 
threadfin  shad  crops  and  coaaercial  harvest  of  rough 
fishes,  but  a  decrease  in  sport  harvest  and  little  effect 
on  total  standing  crop;  (3)  with  increased  storage  ratio 
(i.e,,  lower  water  exchange  rate)  there  was  a  decrease  in 
sport  harvest;  (4)  with  an  increase  in  reservoir  area  there 
was  a  decrease  in  sport  harvest;  (5)  with  an  increase  in 
aean  depth,  there  were  decreases  in  total  standing  crop, 
and  sport  and  coeeercial  harvest;  and  (6)  with  increased 
shore  developeent  there  were  increases  in  total  standir g 
crop  and  sport  harvest,  but  a  decrease  in  the  conserci<  1 
harvest . 


Adnit'adly,  the  data  are  still  incomplete  on  Trinity 
River  fi*»h  populations,  but  with  aore  precise  data  on  fish 
standing  crop,  production  rates,  and  lianological  factors 
fishery  biologists  should  bo  better  able  to  advice 
regarding  the  design  and  operation  of  lakes  and  canals  in 
the  systea  to  increase  sport  and  connercial  fishery  yields 
in  the  future. 

fii§itibntioa_of_£ishes_is_t]ig_l£init2_Biy2i_^i8igw 


Any  atteapt  to  categorize 
living  in  a  specific  type  of  ag 
to  be  an  exercise  in  futility  be 
of  the  river  is  apparently  chan 
species,  such  as  the  paddlefish 
apparently,  disappeared  fron 
years) ;  (2)  the  river  is  subject 
causes  dispersal  of  aany  specie 
(3)  river  nodification  via  Lake 


Trinty  River  fishes  as 
latic  environment  is  likely 
:ause:  (1)  the  ichthyofauna 
jing  rapidly  (e.g. ,  certain 
and  pallid  shiner  have, 
the  river  within  recent 
to  periodic  flooding  which 
s  into  "atypical"  habitats; 
Livingston  Dan  stops  the 
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movement  ol  migratory  fishes,  such  as  the  American  eel, 
upstream;  (4)  a  rather  long  segment  of  the  mid-river  is 
unfit  for  most  of  the  fish  species  because  of  pollution; 
and  (5)  many  fishes  are  able  to  live  in  a  variety  of 
aquatic  habitats  with  no  clear  preference  for  any  given 
type. 


In  view  of  the  foregoing  statements,  an  attempt  has 
been  made  (Table  V-30)  to  summarize  the  u§gal  habitat 
preferences  and  distribution  of  most  of  the  extant  Trinity 
River  fish  species.  Data  bearing  upon  this  aspect  of  the 
study  have  been  taken  from  Hinckley  (1963),  Rainwater 
(1972),  Conner  (pers.  Comm.),  Kelly  (pers,  comm.).  Hall 
(1972),  and  Rozunburg,  gi_a)...  (1972).  uuestionable  species 
and  recently  introduced  non-native  game  fishes  have  not 
been  included  in  Table  V-30. 

The  listing  of  a  species  under  a  specific  heading  in 
the  following  table  is  not  meant  to  imply  that  it  is  found 
only  in  that  habitat,  but  that  it  is  commonly  associated 
with  that  type  habitat.  Conversely,  some  species  are 
limited  to  very  specific  habitats. 

SUHHABY 


The  Trinity  River  supports,  at  present,  a  fish  fauna 
probably  comprised  of  at  least  130  species  representing 
approximately  33  inventory  to  date  has  documented  the 
occurrence  of  more  than  92  fish  species.  Families  and 
perhaps  as  many  as  73  genera.  No  other  published  river 
system  many  of  the  130  species  are  brackish  water  and 
marine  fishes,  but  they  aro,  nevertheless,  a  part  of  the 
Trinity  River's  rich  ichthyofauna. 

The  number  of  fish  species  increases  downstream  in  the 
Trinity  River  with  56  species  reported  from  the  headwaters 
and  approximately  100-1?5  species  for  the  aid-  and  lower 
reaches  of  the  river.  Game  fishes  are  virtually  unknown  in 
a  major  portion  of  the  upper  river  and  numerous  species  are 
apparently  threatened,  or  have  already  been  extirpated,  by 
man's  influence  on  the  Trinity  River.  Among  these  are  the 
paddlefish,  pallid  shiner,  scaly  sand  darter,  Sabine 
shiner,  and  various  other  species.  Headwater  populations  of 
several  species  of  game  fishes  indicate  that  they,  at  one 
tine,  did  occupy  the  now  depauperate  region  of  the  river. 


Table  V-30.  Habitat  distribution  of  fishes  in  the  Trinity  River 
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Narine  invaders  found  primarily  in  lover  Trinity  River  -  coastal 
plain  zone 
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No  endemic,  race,  or  endangered  lish  species  are  now 
recognized  in  the  system.  Most  of  the  fishes  inhabiting 
this  systee,  including  those  above,  are  widespread 
geographically  and  isany  are  quite  tolerant  of  adverse 
en vironaental  conditions. 

Future  re-colonization  of  the  upper  Trinity  River  down 
to  Lake  Livingston  by  now-missing  riverine  tish  species  is 
a  possibility  if:  (1)  basic  water  quality  of  the  upper 
river  is  greatly  improved  (and  maintained  at  a  high  level); 
(2)  breeding  populations  of  these  fish  species  still  exist 
in  Lake  Livingston  or  tributaries  of  the  river;  (3)  food 
chain  organisms  of  the  riverine  species  have  not  been 
extirpated  from  the  system  by  severe,  prolonged  pollution; 
(4)  no  future  adverse  changes  occur  in  the  structural 
configuration  of  the  river  channel  proper  and  its 
tributaries;  (5)  a  sufficient,  sustained  water  flow  is 
maintained  year-round. 

No  specific  fisheries  recommendations  can  be  made  at 
this  time  because  of  the  multiplicity  of  factors  involved, 
but  this  investigator  feels  that  it  is  reasonable  to  assume 
that  many  of  the  now-missing  riverine  species  will  return 
when  the  conditions  and  criteria  listed  above  are  corrected 
and/or  attained. 

Numerous  ecological  factors  are  operant  on  the  fishes 
now  occupying  the  Trinity  River.  Dams,  reservoirs,  locks, 
and  canals  will  modify  river  habitats  and  thereby  cause 
changes  in  species  composition,  distribution,  and 
abundance.  Some  species  will  benefit  from  s  ich  changes, 
while  others  will  be  eliminated  (particularly  '-.hose  species 
which  are  highly  adapted  to  stream-type,  clowing-water 
habitats).  Some  species,  however,  are  Ubiquitous  and  will 
adapt  well  to  a  lacustrine  habitat. 

A  possible  alternative  approach  to  the  proposed  barge 
canal-flood  control  system  is  a  sinqle-purpose  flood 
control  project  which,  this  investigator  feels,  will  result 
in  many  of  the  same  fisheries  problems  as  outlined  in  this 
and  a  previous  report  (Hall,  1972) .  such  a  flood-control 
system  presumably  would  involve:  (1)  construction  of  dams 
(both  on  the  river  channel  proper  and  its  tributaries) ;  (2) 
dredging  and  deepening  the  Trinity  River  channel;  (3) 
straightening  the  river  channel  by  cutting  across  incipient 
oxbows,  i.e.,  large  "horseshoe  bends"  in  the  river;  (4) 
removal  of  shoreline  vegetation,  logs,  and  debris  (in 
conjunction  with  number  2  above). 
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As  mentioned  above,  some  fish  species  will  thrive  in 
alaost  any  type  aquatic  habitat,  but  on  the  whole  most 
native  food  and  game  fishes  will  not  adapt  well  to  a  highly 
aodified  river  channol  as  v'>uld  result  froa  the  changes 
described  above.  To  be  sure,  there  are  certain  benefits  in 
a  flood-control  system  which  aay  include:  (1)  water 
conservation,  (2)  flood  prevention,  (3)  longer  stretches  of 
flowing  water  in  the  river  channel  (than  with  a  barge 
canal-lock  and  daa  system),  (4)  upstream  lakes  which  may 
act  as  settling  basins  for  silt  and  other  headwater 
pollutants,  (5)  greater  recreational  potential,  and  (6) 
greater  fisheries  potential  than  with  a  barge  canal  system. 

Data  provided  herein,  based  on  limited  sampling  during 
this  phase  of  the  project  indicate  that  gane  fishes  are  not 
abundant  upstream  from  Lake  Livingston  in  the  river.  Data 
from  a  previous  study  (Hall,  1972)  however,  shoved  that  a 
sport  (and  commercial)  fishery  of  significant  magnitude 
exists  downstream  from  Lake  Livingston  Dam  in  the  river. 

Data  have  been  provided  horein  regarding  habitat 
preference,  reproductive  habits,  specializations,  economic 
importance,  and  the  possible  impact  of  channelization  on 
many  of  the  important  food,  game,  forage,  and  rough  fishes 
of  the  Trinity  River  system.  Additional  data  havo  also  been 
provicted  on  environmental  variables  which  relate 
specifically  to  and  influence  reserovir  populations  of 
fishes  occurring  in  the  river  system. 

In  summation,  this  study  was  made  to  provide,  as 
completely  as  possible,  a  record  of  the  species 
composition,  distribution,  and  abundance  of  the  fishes  of 
the  Trinity  River  system.  Hopefully,  this  survey  will 
provide  a  basis  for  further  studies  on  the  effects  of 
environmental  changes  on  the  Trinity  River  fish  fauna. 
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Appendix  V-02 .  Large  mammals  and  mammal  signs  alon 


enteus 


Study  Area  1  Maximum  and  Total  Numbers 

(Cont.)  Individuals 

Seen  or  Heard  Tracks _ Feces _ Nests _  Other 

Species  Max.  1  Tot.  ~Max.  [Tot.  Max.  ITot.  Max.  [  Tot.  Max.  I  ? 


Study  Area  4  _ __ _  Maximum  and  Total  Numbers  _ _ 

(Cont.)  Individuals 

Seen  or  Heard  Tracks _ Feces _ Nests _ other 

Species  Max.  |  Tot.  ~Max.  tTotT  Max.  [Tot .  Max.  I  Tot.  Max.  )  T 


Diggings,  gnawings,  or  food  remains 


Appendix  V-02  (cont 


Censused  on  November  12,  January  27,  March  4,  and  March  30,  1972-1973 


( cont 


on  October  21,  December  9,  April  1,  and  April  29,  1972-1973 
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Study  Area  9  Maximum  and  Total  numbers  _ _ 

(Cont.)  Individuals 

Seen  or  Heard  Tracks _ Feces _ Nests _ Other 

Species  Max.  |  Tot.~  Max.  jTot.  Max.  I  Tot.  Max.  1  Tot .  Max.  |  T 


♦ 


Diggings,  gnawings,  or  food  remains 


Diggings,  gnawings,  or  food  remains  (note:  wild  pigs  abundant) • 
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ix  V-03.  Species  and  numbers  of 
ensuaea  at  Study  Arons  1-10.  An  " 
pecies  was  seen  on  or  near  the  tr 
ther  than  the  census  period. 


>rded  01 
;es  the 
some  t 


Study  Area  1  ' 
Species 


green  heron 


little  blue  heron 


cattle  egret 


snowy  egret 


yellow-cr  night  h'-ron 


wood  duck 


turkey  vulture 


red-tailed  hawk 


Swainson's  hawk 


rough- legged  hawk 


marsh  hawk 


American  kestrel 


bobwhite 


killdoer 


upland  sandpiper 


spotted  sandpiper- 


solitary  sandpiper 


Franklin':;  gull 


mourning  dove 


great  hor>  ed  owl 


barred  ow 


Census  Dates 


9/23  10/1  12/3  1/15  3/24  4/22  5/12 
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Study  Area  1  (Cont . ) 
Species 


Census  Dates 


9/23  I  10/1  1  12/3  1  1/15  3/24  4/22  5/12 


chuck-will's  widow 


chimney  swift 
ruby- throated  hummingbird 
black-chinned  hummingbird 
belted  kingfisher 


common  flicker 


red-bellied  woodpecker 
red-headed  woodpecker 
yellow-bellied  sapsucker 
hairy  woodpecker 
downy  woodpecker 
ladder-backed  woodpecker 
eastern  kingbird 
scissor-tailed  flycatcher 
great  crested  flycatcher 
eastern  phoebe 
least  flycatcher 


eastern  wood  pewee 


tree  swallow 


bank  swallow 


rough-winged  swallow 


Appendix  V-03.  (coni.) 


Study  Area  1  (Cont.) 

Census  Dates 

Species 

9/23 

10/1 

12/3 

1/15 

3/24 

4/22 

5/12 

barn  swallow 

38 

9 

cliff  swallow 

1 

14 

blue  jay 

28 

37 

10 

8 

7 

6 

1 

common  crow 

.  11 

23 

21 

9 

16 

31 

4 

Carolina  chickadee 

14 

27 

15 

7 

9 

15 

14 

tufted  titmouse 

2 

5 

3 

5 

10 

18 

12 

brown  creeper 

1 

1 

house  wren 

2 

. 

1 

Bewick's  wren 

5 

5 

2 

1 

2 

Carolina  wren 

8 

4 

3 

6 

9 

5 

3 

mockingbird 

7 

5 

3 

X 

1 

gray  catbird 

X 

brown  thrasher 

7 

4 

2 

4 

robin 

218 

12 

hermit  thrush 

1 

3 

3 

Swainson's  thrush 

3 

1 

eastern  bluebird 

6 

14 

blue-gray  gnatcatcher 

4 

2 

golden- crowned  kinglet 

4 

ruby-crowned  kinglet 

2 

13 

2 

5 

11 

c-'dar  waxwing 

55 

18 

84 

35 

3- 


Study  Area  1  (Cont.) 
Species 


redwinged  blackbird 


orchard  oriole 


great-tailed  grackle 


common  grackle 


brown-headed  cowbird 


cardinal 


indigo  bunting 


painted  bunting 


dickcissel 


purple  finch 


pine  siskin 


American  goldfinch 


rufous-sided  towhee 


grasshopper  sparrow 


vesper  sparrow 


slate-colored  junco 


chipping  sparrow 


clay-colored  sparrow 


field  sparrow 


Harris'  sparrow 


white- throated  sparrow 


Census  Dates 


9/23  10/ l  12/3  1/15  3/24  4/22  5/12 
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Appendix  V-03.  (cont.) 


Study  Area  1  (Cont.) 
Species 

Census  bates 

10/1 

12/3 

1/15 

3/24 

4/22 

i 

5.22 

fox  sparrow 

15 

18 

1 

| 

Lincoln's  sparrow 

8 

9 

3 

10 

i 

1 

song  sparrow 

26 

32 

■1 

! 

■  ■  j 

; 

i 

_ 1 

_ i 

Total  Individuals 

225 

465 

479 

569 

300 

557 

2  26 

"’otal  C'  tisus  Species 

30 

35  ] 

36 

33 

31 

!  , 
Sfi  j  3  ?  * 

To_al  Species  all  Censuses:  10'  (plus  7  non-cgsnsus  species- 10.-’ ) 
r"otal  Individuals  all  Censuses-  2,871  (avg.  403  per  census) 
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Study  Area  2  (Cont.) 

Census  Dates 

Species 

/ 

2/20 

2/24 

3/25 

4/7 

4/27 

marsh  hawk 

X 

osprey 

X 

American  kestrel 

X 

X 

bobwhite 

X 

American  coot 

X 

X 

X 

X 

X 

killdeer 

X 

1 

X 

ring-billed  gull 

1 

Franklin's  gull 

X 

X 

1 

mourning  dove 

X 

4 

barred  owl 

1 

chimney  swift 

15 

17 

ruby- throated  hummingbird 

common  flicker 

2 

4 

1 

1 

1 

red-bellied  woodpecker 

11 

14 

12 

6 

8 

red-headed  woodpecker 

X 

1 

pi lea ted  woodpecker 

X 

hairy  woodpecker 

1 

1 

yellow-bellied  sapsucker 

1 

1 

downy  woodpecker 

13 

9 

3 

2 

4 

I 

western  kingbird 

X 

• 

scissor-tailed  flycatcher 

X 

X 

1  | 

Appendix  v-03  (cont.) 


Study  Area  2  (Cont.) 


Census  Dates 


Species 

2/20 

2/24 

3/25 

4/7 

4/27 

great  crested  flycatcher 

6 

eastern  phoebe 

1 

X 

least  flycatcher 

1 

horned  lark 

.  2 

rough-winged  swallow 

1 

2 

barn  swallow 

X 

X 

cliff  swallow 

X 

purple  martin 

X 

blue  jay 

27 

11 

4 

2 

14 

common  crow 

30 

14 

17 

8 

19 

Carolina  chickadee 

13 

15 

17 

7 

10 

tufted  titmouse 

24 

8 

16 

11 

13 

brown  creeper 

1 

1 

1 

Bewick's  wren 

X 

X 

1 

Carolina  wren 

25 

20 

16 

9 

11 

mockingbird 

X 

1 

X 

X 

brown  thrasher 

1 

3 

1 

3 

robin 

36 

74 

12 

3 

hermit  thrush 

1 

X 

Swa inson ’ s  thrush 

1 

eastern  bluebird 

3 

X 

3-10 


Appendix  V-03 .  (oont.) 


Study  Area  2  (Cont.) 
Species 

Census  Dates 

2/20 

2/24 

3/25 

4/7 

4/27 

hlue-gray  gnatcateher 

6 

2 

ruby-crowned  kinglet 

1 

3 

2 

4 

8 

cedar  waxwing 

2 

32 

loggerhead  shrike 

X 

starling 

21 

68 

2 

12 

white-eyed  vireo 

1 

2 

solitary  vireo 

1 

warbling  vireo 

2. 

black  &  white  warbler 

1 

Tennessee  warbler 

5 

Nashville  warbler 

19 

yellow  warbler 

2 

myrtle  warbler 

24 

19 

10 

15 

3 

— 

northern  waterthrush 

1 

common  yellowthroat 

X 

2 

house  Bparrow 

X 

X 

X 

X 

X 

eastern  meadowlark 

X 

X 

X 

X 

X 

western  meadowlark 

X 

X 

X 

redwinged  blackbird 

115 

210 

7 

18 

11 

Baltimore  oriole 

1 

rusty  blackbird 

4 

9 

Study  Area  2  (Cont.) 
Species 


Census  Dates 


2/20  2/24  3/25 


great-tailed  grackle 


common  grackle 


brown-headed  cowbird 


cardinal 


indigo  bunting 


dickcissel 


purple  finch 


American  goldfinch 


rufous-sided  towhee 


lark  sparrow 


slate-colored  junco 


chipping  sparrow 


field  sparrow 


Harris'  sparrow 


white-crowned  sparrow 


white-throated  sparrow  48 


fox  sparrow 


Lincoln's  sparrow 


swamp  sparrow 


song  sparrow 


2  155  13 


33  89  30  52  37 


8  19 


10  27 


38  14 


2 

2 

11 

6 

Total 

Individuals 

466 

861 

267 

399 

283 

Total 

Census  Species 

31 

35 

38 

T 

i  23  , 

42 

3-] 


Appendix  V-0 3 .  (cont.) 


•— -  —  ■  - — — 

Study  Area  3 

Species 

Census 

Dates 

9/30 

12/2 

1/28 

3/3 

5/12 

white  pelican 

33 

double-crested  cormorant 

X 

great  blue  heron 

X 

little  blue  heron 

10 

cattle  egret 

X 

3 

snowy  egret 

X 

wood  stork 

140 

mallard 

2 

X 

blue-winged  teal 

X 

turkey  vulture 

7 

7 

23 

4 

5 

sharp-shin aed  hawk 

X 

1 

Cooper's  h-iwk 

■ 

X 

X 

red-tailed  hawk 

2 

1 

red- should’. ‘red  hawk 

1 

1 

4 

2 

1 

broad-wing<d  hawk 

21 

1 

1 

Swainson's  hawk 

2 

1 

marsh  hawk 

X 

X 

X 

peregrine  falcon 

X 

American  kestrel 

3 

X 

X 

bobwhite 

X 

14 

2 

s  em i pa lma  * ed  plover 

X 

3-13 


Appendix  V-03.  (cont.) 


Study  Area  3  (Cont.) 
Species 


killdeer 


golden  plover 


American  woodcock 


whimbrel 


upland  sandpiper 


spotted  sandpiper 


solitary  sandpiper 


greater  yellowlegs 


lesser  yellowlegs 


pectoral  sandpiper 


white-rumped  sandpiper 


Baird's  sandpiper 


least  sandpiper 


semi palma ted  sandpiper 


long-billed  dowitcher 


stilt  sandpiper 


buff-breasted  sandpiper 


Hudscnian  godwit 


* 
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Appendix  V-03.  (cont. ) 


Study  Area  3  (Cont.) 

Census  Dates 

Species 

9/30 

12/2 

1/28 

3/3 

5/12 

|| 

Wilson'?;  phalarope 

X 

_ 1 

Franklin'g  gull 

4 

X 

■ 

black  tern 

X 

m 

mourning  dove 

.  5 

2 

1 

1 

yellow-billed  cuckoo 

4 

II 

great  horned  owl 

1 

1 

1 

barred  owl 

2 

1 

X 

4 

common  righthawk 

2 

chimney  swift 

15 

10 

Hi 

ruby- throated  hummingbird 

2 

HI 

common  flicker 

22 

17 

3 

1 

HI 

pileated  woodpecker 

1 

2 

1 

2 

i 

red-bellied  woodpecker 

6 

12 

9 

7 

4 

i 

yellow-bellied  sapsucker 

3 

3 

3 

" 

hairy  woodpecker 

1 

1 

2 

downy  woodpecker 

5 

7 

6 

10 

5 

eastern  kingbird 

2 

western  kingbird 

X 

scissor-tailed  flycatcher 

24 

4 

great  crested  flycatcher 

3 

eastern  phoebe 

2 

1 

_ 

. . 4 

pendix  V-03.  (cont.) 


Study  Area  3  (Cont.) 
Species 


9/30  |  12/2  I  1/28  3/3  5/12 


acadian  flycatcher 


least  flycatcher 


eastern  wood  pewee 


olive-sided  flycatcher 


horned  lark 


tree  swallow 


rough-winged  swallow 


barn  swallow 


cliff  swallow 


blue  jay 


common  crow 


Carolina  chickadee 


tufted  titmouse 


brown  creeper 


house  wren 


Bewick's  wren 


Carolina  wren 


mockingbird 


cray  catbird 


brc*n  thrasher 


8  5  6  3 


3  2 


2  5  2  2 


robin 


155 


181 


25 


* 
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Appendix  V-03.  (cont. ) 


Study  Area  3  (Cont . ) 

Census  Dates 

Species 

9/30 

12/2 

1/28 

3/3 

5/12 

hermit  thrush 

6 

3 

3 

Swainson's  thrush 

6 

eastern  bluebird 

2 

blue-gray  gnatcatcher 

4 

golden-crowned  kinglet 

6 

3 

6 

ruby-crowned  kinglet 

2 

7 

4 

11 

water  pipit 

x 

X 

Sprague's  pipit 

X 

cedar  waxwing 

-  . 

152 

X 

loggerhead  shrike 

8 

4 

2 

starling 

7 

3 

X 

white-eyed  vireo 

5 

red-eyed  vireo 

9 

Philadelphia  vireo 

1 

warbling  vireo 

2 

! 

black  &  white  warbler 

1 

3 

Tennessee  warbler 

2 

orange- ci owned  warbler 

1 

1 

1 

,  i 

Nashville  warbler 

3 

i 

! 

j 

northern  parula  warbler 

1 

1 

i 

magnolia  warbler 

1 

1 

_ 1 

1 


Study  Area  3  (Cont . ) 
Species 


myrtle  warbler 


bay-breasted  warbler 


ovenbird 


Kentucky  warbler 


common  yellowthroat 


yellow-breasted  chat 


American  redstart 


house  sparrow 


bobolink 


eastern  meadowlark 


yellow-headed  blackbird 


redwinged  blackbird 


orchard  oriole 


Baltimore  oriole 


rusty  blackbird 


common  grackle 


brown-headed  cowbird 


summer  tanager 


cardinal 


indigo  bunting 


painted  bunting 
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Appendix  V-03 . ( con t . ) 


Study  Area  3  (Cont.) 
Species 


dickcissel 


>le  finch 


American  goldfinch 


rufous-sided  towhee 


savannah  sparrow 


grasshopper  sparrow 


vesper  sparrow 


lark  sparrow 


slate-colored  junco 


Harris'  sparrow 


white-throated  sparrow 


fox  sparrow 


Lincoln's  sparrow 


song  sparrow 


jm 


Total  Individuals 


Total  Census  Species 


na 


Census  Dates 


102. 


3/3 


759 


49 


13 


32 


21 


11 


19 


20 


726 


39 


442 


31 


28 


282 


75 


33 


396 


60 


Total  Species  All  Censuses:  101  (plus  39  non-census  species®  140) 
Total  Individuals  All  Censuses:  2,605  (avg.  521  per  census). 
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Appendix  V-03.  (cont.) 


Study  Area  4 
Species 


great  blue  heron 


green  heron 


Census  Oates 


10/8  | 11/11  2/4 


little  blue  heron 


2  28 


cattle  egret 


great  egret 


snowy  egret 


American  bittern 


Canada  goose 


mallard 


blue-winged  teal 


wood  duck 


hooded  merganser 


turkey  vulture 


black  vulture 


sharp-shinned  hawk 


red-tailed  hawk 


red-shouldered  hawk 


Swainson's  hawk 


bald  eagle 


American  kestrel 


killdeer 


Appendix  V-03.  (cont.) 


Appendix  V-03.  (cont.) 


Study  Area  4  (Cont.) 

Census  Oates 

Species 

10/B 

11/11 

2/4 

4/8 

5/13 

yellow  bellied  sapsucker 

m 

9 

■1 

nn 

' 

hairy  woodpecker 

■1 

Hi 

downy  woodpecker 

m 

12 

m 

3 

5 

eastern  kingbird 

2 

scissor-tailed  flycatcher 

X 

1 

great  crested  flycatcher 

5 

eastern  pheobe 

3 

1 

acadian  flycatcher 

2 

least  flycatcher 

1 

eastern  wood  pewee 

4 

barn  swallow 

1 

1 

blue  jay 

■1 

■1 

m 

6 

m 

common  crow 

6 

36 

24 

m 

1.5 

Carolina  chicadee 

27 

43 

43 

26 

28 

tufted  titmouse 

n 

17 

19 

16 

34 

■ 

white-breasted  nuthatch 

5 

6 

3 

2 

6 

brown  creeper 

■1 

n 

2 

1 

II 

winter  wren 

5 

Bewick's  wren 

1 

Carolina  wren 

) 

8 

3 

5 

m 

■ 

mockingbird 

4 

1 

1 

X 

Appendix  V-03.  (cont.) 


Study  Area  4  (Cont. ) 
Species 

brown  thrasher 
robin 

hermit  thrush 

Swainson ' b  thrush 
eastern  bluebird 
blue-gray  gnatcatcher 
golden-crowned  kinglet 
ruby-crowned  kinglet 
water  pipi- 
cedar  waxwing 
loggerhead  shrike 
starling 

white-eyed  vireo 

yellow-throated  vireo 
solitary  vireo 
red-eyed  vireo 
warbling  vireo 
Tennessee  warbler 
Nashville  warbler 
yellow  warbler 
magnolia  warbler 
myrtle  warbler 
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Appendix  V-03.  (cont.) 


E 

■  i 


!  i 


Study  Area  4  (Cont.) 
Species 


blackburnian  warbler 


yellow-throated  warbler 


ovenbird 


house  sparrow 


eastern  meadowlark 


redwinged  blackbird 


common  grackle 


brown-headed  cowbird 


summer  t&nager 


cardinal 


indigo  bunting 


painted  bunting 


purple  finch 


pine  siskin 


American  goldfinch 


rufous-sided  towhee 


savannah  sparrow 


vesper  sparrow 


lark  sparrow 


slate-colored  junco 


field  sparrow 


Census  Dates 


10/8 


22 


51 


11/11 


72 


108 


22 


103 


29 


2/4 


1750 


15 


72 


85 


36 


10 


195 


4/8 


5/13 


51 


28 


55 


13 


-2 


Appendix  V-03.  (cont.) 


Study  Area  4  (Cont. ) 
Species 


Harris'  sparrow 


white-crowned  sparrow 


white-throated  s 


fox  sparrow 


Lincoln's  sparrow 


song  sparrow 


11/11 

m 

2 

12 

- ! 

! 

■1 

162 

254 

10 

10 

Census  Oates 


4/8  5/13 


Total  Individuals 


Total  Census  Species 


Total  Species  All  Censuses:  97  (plus  15  non-census  species®  112) 
Total  Individuals  All  Censuses:  5,CC3  (avg.  1,002  per  census). 


>m>w< 


«»»•<.  in m 


1 


Appendix  v-03.  (cont.) 
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Study  Area  5  (Cont . ) 
Species 


robin 


hermit  thrush 


Swainson's  thrush 


eastern  bluebird 


golden-crowned  kinglet 


ruby-crowned  kinglet 


Sprague's  pipit 


cedar  waxwing 


loggerhead  shrike 


starling 


black  &  white  warbler 


orange-crowned  warbler 


Nashville  warbler 


myrtle  warbler 


house  sparrow 


eastern  meadowlark 


redwinged  blackbird 


orchard  oriole 


common  grackle 


5  2 


6  2 


2  2 


140 


8  8 


3  80  34  33  31 


1000  20 


'  brown-headed  cowbird 

.  20 

■ni 

44 

11 

cardinal 

48 

41 

37 

42 

24 

27 


Appendix  V-03.  (cont.) 


— 

Study  Area  5  (Cont . ) 

Census  Oates 

Species 

10/22 

Rfl 

B 

HR 

HR 

■ 

indigo  bunting 

B 

B 

dickcissel 

2 

1 

purple  finch 

6 

16 

17 

pine  siskin 

■9 

; 

American  goldfinch 

B 

11 

B 

1 

i 

i 

rufous-sided  towhee 

_ 

_ 4__ 

_ 2 _ 

_ 

| 

B 

savannah  sparrow 

13 

B 

n 

B 

B 

B 

grasshopper  sparrow 

— 

1- 

2. 

■ 

Leconte's  sparrow 

m 

3 

vaster  sparrow 

71 

15 

38 

lark  sparrow 

B 

B 

21 

slate-colored  junco 

18 

10 

80 

B 

§■ 

clay-colored  sparrow 

B 

m 

field  sparrow 

12 

12 

9 

5 

B 

S 

Harris '  sparrow 

36 

8 

white-crowned  sparrow 

| 

B 

white-throated  sparrow 

5 

49 

30 

45 

22 

10 

fox  sparrow 

B 

B: 

B 

HI 

Lincoln's  sparrow 

m 

2 

HI 

B 

song  sparrow 

n 

5 

6 

Smith's  longspur 

140 

X 

iit* 
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Appendix  V-03.  Icont.) 


Total  Census  Species 


24 


43 


44 


3 


Appendix  V-03.  (oont.) 
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Appendix  V-03.  (cont.) 


Study  Area  6  (Cont. ) 
Species 


ruby-throated  hummingbird 


common  flicker 


red-bellied  woodpecker 


red-headed  woodpecker 


yellow-bellied  sapsucker 


downy  woodpecker 


great  crested  flycatcher 


scissor-tailed  flycatcher 


eastern  phoebe 


willow  flycatcher 


eastern  wood  pewee 


barn  swallow 


purple  martin 


blue  jay 


common  crow 


Carolina  chickadee 


tufted  titmouse 


brown  creeper 


house  wren 


l 

winter  wren 


Bewick's  wren 


20 

5 

■Hi 

L  s 

LL 

3 

72 

9 

12 

10 

14 

15 

11 

15 

6 

16 

5 

m 

■1 

3 

m 

10 
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Appendix  V-03.  (cont.) 


Study  Area  6  (Cont.) 
Species 


Carolina  wren 


mockingbird _ 


brown  thrasher 


robin 


hermit  thrush 


eastern  bluebird 


blue-gray  gnatcatcher 


golden-crowned  kinglet 


ruby-crowned  kinglet 


cedar  waxwing 


loggerhead  shrike 


starling 


white-eyed  vireo 


orange-crowned  warbler 


myrtle  warbler 


common  yellowthroat 


yellow-breasted  chat 


eastern  meadowlark 


western  meadowlark 


redwinged  blackbird 


rusty  blackbird 


_ Census  Dates _ 

2/18 

5/27 

■1 

■1 

2 

1 

_ Lj 

5 

' _ 5j 

1 

x  1 

65  6  31  3 


17  6 


13  24 


125  .11  31  24 


1600  1425  2315  |  92 


20 


Appendix  V-03.  (cont.) 


i 


common  grackle 

350 

285 

335 

brown-headed  cowbird 

30 

110 

535 

cardinal 

31 

53 

18 

blue  grosbeak 

indigo  bunting 

painted  bunting 

dickcissel 

purple  finch 

6 

■ 

*  i 

American  goldfinch 

36 

m 

rufous-sided  towhee 

2 

savannah  sparrow 

15 

11 

1 

LeConte's  sparrow 

3 

1 

vesper  sparrow 

6 

5 

slate-colored  junco 

2 

field  sparrow 


white-crowned  sparrow 

12 

3 

white-throated  sparrow 

20 

5 

2 

fox  sparrow 

10 

20 

8 

Lincoln's  sparrow 

5 

Hi 

swamp  sparrow 

24 

HI 

5 

1 

song  sparrow 


35 


16 


13 
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Appendix  V-03.  (cont. ) 


Total  Species  All  Censuses:  8  (plus  3  non-census  species=  84). 
Total  Individuals  All  Censuses  8,915  (avg.  1,486  per  census). 


i 

I 


Study  Area  7 
Species 

great  blue  heron 

green  heron _ 

little  blue  heron 

cattle  egret _ 

snowy  egret 
yellow-cr  night  heron 
white-fronted  goose 

mallard _ _ 

pintail 

blue-winged  teal 
wood  duck 
turkey  vulture 
black  vulture 

white-tailed  kite 
Mississippi  kite 
sharp-shinned  hawk 
Cooper's  hawk 

red-tailed  hawk _ 

red-shouldered  hawk 
broad-winged  hawk 
marsh  hawk 
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Appendix  V-03.  (cont.) 


Study  Area  7  (Cont.) 
species 


American  kestrel 


bobwhite 


killdeer 


common  snipe 


upland  sandpiper 


solitary  sandpiper 


greater  yellowlegs 


lesser  yellowlegs 


mourning  dove 


barn  owl 


great  horned  owl 


barred  owl 


common  nighthawk 


chimney  swift 


ruby-throated  hummingbird 


belted  kingfisher 


common  flicker 


pileated  woodpecker 


red-bellied  woodpecker 


red-headed  woodpecker 


yellow-bellied  sapsucker 


Census  Dates 


11/4  11/17  1/20  *2/17  3/24  4/20 


8 


13 

7 

11 

5 

8 


i 


Study  Area  7  iCont.) 

_ Car 

Species 

11/4 

11/17 

1/20 

2/17 

3/24 

4/20 

hairy  woodpecker 

2 

downy  woodpecker 

2 

3 

7 

5  . 

2 

4 

eastern  kingbird 

X 

scissor-tailed  flycatcher 

1 

great  crested  flycatcher 

1 

eastern  phoebe 

2 

3 

m 

2 

tree  swallow 

1 

rough-winged  swallow 

5 

barn  swallow 

3 

purple  martin 

- ! 

blue  jay 

11 

14 

common  crow 

22 

57 

Carolina  chickadee 

15 

39 

31 

1 

■  23 

13 

13 

tufted  titmouse 

6 

«L 

8 

6  1 

16 

17 
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Appendix  V-03.  (cont.) 


Study  Area  7  (Cont. ) 
Species 


11/4 


Census  Dates 


11/17 


1/20 


2/17 


3/24 


4/20 


gray  catbird 


brown  thrasher 


12 


15 


robin 


42 


122 


36 


hermit  thrush 


eastern  bluebird 


blue-gray  gnatcatcher 


golden-crowned  kinglet 


10 


ruby-crowned  kinglet 


water  pipit 


33 


cedar  waxwing 


32 


loggerhead  shrike 


starling 


white-eyed  vireo 


solitary  vireo 


red- eyed  vireo 


prothonotary  warbler 


Swainson's  warbler 


Tennessee  warbler 


orange-crowned  warbler 


Nashville  warbler 


northern  parula  warbler 


18 


21 


* 


1 


Appendix  V-03.  (cont.) 


Study  Area  7  (Cont.) 
Species 


myrtle  warbler 


ine  warbler 


Kentucky  warbler 


common  yellowthroat 


house  sparrow 


eastern  meadowlark 


western  meadowlark 


redwinged  blackbird 


Brewer's  blackbird 


common  grackle 


brown-headed  cowbird 


cardinal 


blue  grosbeak 


indigo  bunting 


painted  bunting 


dickcissel 


purple  finch 


pine  siskin 


American  goldfinch 


rufous-sided  towhee 


savannah  sparrow 
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23  35  3  |  6  I  6 


2  240  13  35 


43  25  73  3 


2  32 


48  58  97  71  44  92 


Appendix  V-03.  (cont.) 


Study  Area  7 (Cont.) 
Species 

Census  Dates 

11/4 

11/17 

1/20 

2/17 

3/24 

4/20 

grasshopper  sparrow 

x 

vesper  sparrow 

2 

20 

1 

lark  sparrow 

2 

1 

slate-colored  junco 

6 

7 

4 

2 

white-crowned  sparrow 

1 

3 

X 

white-throated  sparrow 

78 

55 

173 

70 

40 

6 

fox  sparrow 

16 

11 

Lincoln's  sparrow 

4 

3 

X 

swamp  sparrow 

1 

1 

song  sparrow 

6 

2 

6 

1 

Total  Individuals 

833 

927 

721 

462 

228 

361 

Total  Census  Species 

46 

53 

41 

47 

31 

63 

Total  Species  All  Censuses:  105  (plus  10  non-census  species-  115). 
Total  Individuals  All  Censuses:  3,532  (avg.  589  per  census). 
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Appendix  V-03.  (cont.) 


Study  Area  8 
Species 


pied-billed  grebe 


double-crested  cormorant 


anhinga 


great  blue  heron 


green  heron 


little  blue  heron 


cattle  egret 


great  egret 


snowy  egret 


Louisiana  heron 


black-cr  night  heron 


yellow-cr  night  heron 


white  ibis 


snow/blue  goose 


mallard 


gadwall 


pintail 


green-winged  teal 


blue-winged  teal 


American  wigeon 


northern  shoveler 


10/21 


iru 

12/9 

1/ 

3 

V 

8 

27 

6 

26 

37 

6 

5 

14 

15 

13 

17  3 


5 

2 

50 

24 

1 


Appendix  V-03 .  (cont.) 


Study  Area  8  (Cont.) 
Species 


wood  duck 


ring-necked  duck 


turkey  vulture 


black  vulture 


Mississippi  kite 


sharp-shinned  hawk 


Cooper's  hawk 


red- tailed  hawk 


red-shouldered  hawk 


broad-winged  haw'. 


marsh  hawk 


American  kestrel 


sora  rail 


purple  gallinule 


common  gallinule 


American  coot 


killdeer 


common  snipe 


solitary  sandpiper 


ring-billed  gull 


mourning  dove 


Census  Dates 


11/7 

12/9 

1/3 

9 

12 

B 

B 

5 

n 

12 

3 

5 

9 

14  11  14 


6 


9  61  39  45 


Appendix  V-03.  (cont.) 


Study  Area  8  (Cont. ) 

Census  Dates 

Species 

10/21 

11/7 

in 

1/3 

3/  >3 

4/1 

4/29 

blue  jay 

31 

13 

ii 

22 

12 

13 

B 

common  crow 

25 

B 

13 

56 

20 

8 

B 

Carolina  chickadee 

6 

B 

9 

17 

20 

10 

i 

Is  j 

tufted  titmouse 

2 

B 

5 

2 

23 

9 

12  i 

white-breasted  nuthatch 

■ 

brown  creeper 

i 

1 

house  wren 

2 

B 

winter  wren 

■ 

B 

B 

B 

B 

Carolina  wren 

■1 

ii 

18 

21 

5 

7 

long-billed  marsh  wren 

3 

B 

short-billed  marsh  wren 

m 

2 

B 

mockingbird 

3 

2 

3 

B 

2 

3 

gray  catbird 

2 

l 

B 

brown  thrasher 

■1 

3 

8 

12 

B 

2 

9 

robin 

5 

169 

340 

24 

B 

m 

hermit  thrush 

2 

B 

Bl 

eastern  bluebird 

| 

B 

2 

B 

blue-gray  gnatcatcher 

B 

HI 

B 

.0 

20 

6 

golden-crowned  kinglet 

B 

B 

3 

ruby-crowned  kinglet 

3 

B 

17 

14 

2 

B 

water  pipit 

26 

2 

B 

cedar  waxwing 

12 

■ 

12 

a 
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Appendix  V-03.  (cont.) 


Study  Area  8  (Cont.) 
Species 


loggerhead  shrike 


starling 


white-eyed  vireo 


yellow-throated  vireo 


solitary  vireo 


red-eyed  vireo 


prothonotary  warbler 


Swalnson's  warbler 


Tennessee  warbler 


orange-crowned  warbler 


northern  parula  warbler 


myrtle  warbler 


yellow-throated  warbler 


pine  warbler 


northern  waterthrush 


Louisiana  waterthrush 


Kentucky  warbler 


common  yellowthroat 


Census  Dates 


10/21  11/7 


1 

yellow-breasted  chat 

hooded  warbler 

Wilson's  warbler 

Appendix  V-03.  (cont.) 


Study  Area  8  (Cont.) 


Census  Oates 


Species 

10/21 

1/7 

12/9 

1/3 

3/23 

4/1 

4/29 

eastern  meadowlark 

n 

■10 

32 

3 

B 

IB 

redwinged  blackbird 

n 

B 

48 

290 

40 

8 

c 

Baltimore  oriole 

■ 

■ 

1 

rusty  blackbird 

5 

25 

B 

| 

Brewer's  blackbird 

B 

B 

| 

brown-headed  cowbird 

6 

:.o 

15 

B 

16 

6 

Sumner  tanager 

_ 

B 

B 

cardinal 

24 

in 

wm 

42 

31 

64 

34 

indigo  bunting 

3 

m 

2 

painted  bunting 

_ 

7 

evening  grosbeak 

2 

purple  finch 

2 

23 

American  goldfinch 

24 

13 

11 

1  j 

rufous-sided  towhee 

6 

2 

savannah  sparrow 

4 

2 

B 

11 

1 

vesper  sparrow 

12 

2 

slate-colored  junco 

5 

chipping  sparrow 

2 

B 

field  sparrow 

2 

1 

B 

white-crowned  sparrow 

Mi 

B 

whito-throatad  sparrow 

—  -  * 

2 

±J 

gi. 

43 

17 

17 

6 

Appendix  V-03.  (cont.) 


'rotal  Individuals 

257 

3-; 

! 5 

t 

Total  Census  Species  I 

[-5,5.. 

iO 

Total  Species  All  Census"?:  120  (p  us  12  non-census  species®  13'} 
Total  Individuals  All  Censuses:  4,4  d  (uvg.  631  per  census). 


Appendix  V-Q3  .  (cone.) 


f  I 


I 

|  ; 


I 


Study  Area  9  (Cont . ) 
Species 


killdeer 


spotted  sandpiper 
Caspian  tern 
yellow-billed  cuckoo 


barred  owl 


chimney  swift 


ruby-throated  himmingbird 


belted  kingfisher 


common  flicker 


pileated  woodpecker 


red-bellied  woodpecker 


red-headed  woodpecker 


yellow-bellied  sapsucker 


hairy  woodpecker 


downy  woodpecker 


eastern  kingbird 


scissor-tailed  flycatcher 


great  crested  flycatcher 


eastern  phoebe 


acadian  flycatcher 


eastern  wood  pewee 


Study  Area  9  (Cont.) 


Species 


tree  swallow 


rough-winged  swallow 


barn  swallow 


purple  martin 


blue  jay 


common  crow 


Carolina  chickadee 


tufted  titmouse 


brown  creeper 


winter  wren 


Carolina  wren 


mockingbird 


gray  catbird 


brown  thrasher 


robin 


wood  thrush 


hermit  thrush 


Swainson's  thrush 


eastern  bluebird 


blue-gray  gnatcatcher 


golden-crowned  kinglet 


9/16 1 10/28 |  2/10  I  2/24  |  3/10  4/14  4/28 


IS 


17 

17 

8 

8 

9 

5 

5 

7 

16 

20 

18 

18 

24 

13 

13 

20 

23 

8 

17 

35 

13 

f 

8 


12  2 


4 
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Appendix  V-03.  (cont.) 


Study  Area  9  (Cont.) 
Species 


ruby-crowned  kinglet 


cedar  waxwing _ 

loggerhead  shrike 
white-eyed  vireo 


Census  Dates _ 

r9/16  10/28  __  2/1Q  2/24  3/10  4/14  4/?f 


yellow-throated  vireo 


solitary  vireo 


red-eyed  vireo 


black  &  white  warbler 


prothonotary  warbler 


Swainson's  warbler 


worm-eating  warbler 


Tennessee  warbler 


orange-crowned  warbler 


northern  parula  warbler 


myrtle  warbler 


black-throated  green  warbl 


yellow-throated  warbler 


chestnut-sided  warbler 


northern  waterthrush 


Kentucky  warbler 


common  yellowthroat 


12  11 


» 


Appendix  V-03 .  (cont.) 


Study  Area  9  (Cont.) 
Species 


yellow-breasted  chat 


hooded  warbler 


Canada  warbler 


American  redstart 


redwinged  blackbird 


Baltimore  oriole 


brown-headed  cowbird 


summer  tanager 


cardinal 


indigo  bunting 


painted  bunting 


purple  finch 


American  goldfinch 


rufous-sided  towhee 


savannah  sparrow 


slate-colored  junco 


white-throated  sparrow 


fox  sparrow 


"otai  Individuals 


Total  Census  Species 


Census  Dates 


9/16  10/28  2/10  2/24  3/10  4/14  4/28 


326 

334 

39 

28 

Total  Species  All  Censuses:  86  (plus  17  non-census  species 103) 
Total  Individuals  All  Censuses:  2,637  (avg.  377  per  census). 
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Appendix  V-03.  (cont.) 


Study  Area  10 
Species 


double-crested  cormorant 


Census  Dates 


12/10  |  2/11  |  3/11  |  4/15  5/13 


anhinga 


great  blue  heron 


little  blue  heron 


cattle  egret 


great  egret 


snowy  egret 


Louisiana  heron 


yellow-cr  night  heron 


white  ibis 


Canada  goose 


wood  duck 


turkey  vulture 


black  vulture 


Mississippi  kite 


red-tailed  hawk 


red-shouldered  hawk 


marsh  hawk 


American  kestrel 


r.irg-hil.’ed  gul! 


mourning  dove 


Study  Area  10  (Cont.) 
Species 

Cenai 

la  Datfl 

18 _ . 

m 

hr 

m 

HR 

| 

■ 

yellow-billed  cuckoo 

6 

barred  owl 

2 

m 

2 

HI 

chimney  swift 

4 

i 

ruby-throated  humminqbird 

m 

2 

belted  kingfisher 

1 

common  flicker 

■1 

■1 

pileated  woodpecker 

■1 

■9 

3 

■1 

red-bellied  woodpecker 

8 

4 

red-headed  woodpecker 

_ 

■1 

3 

yellow-bellied  sapsucker 

■1 

3 

3 

m 

hairy  woodpecker 

■1 

m 

downy  woodpecker 

2 

3 

m 

5 

3 

i 

great  crested  flycatcher 

■ 

■ 

| 

m 

i 

eastern  phoebe 

m 

m 

m 

| 

m 

yellow-bellied  flycatcher 

_ Lj 

eastern  wood  pewee 

2 

m 

H 

tree  swallow 

HI 

m 

m 

bank  swallow 

mm 

E 

_ 

barn  swallow 

2 

27 

HI 

cliff  swallow 

2 

1  i 

purple  martin 


5 


6 


1 
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Appendix  V-03.  (cont.) 


Study  Area  10  (Cont.) 
Species 

_ Census 

Dates 

MR 

MR 

urn 

Ml 

blue  lav 

m 

HI 

29 

Ml 

■ 

■ 

common  crow 

10 

Ml 

6 

Ml 

m 

■ 

■ 

Carolina  chickadee 

15 

HI 

Ml 

Ml 

Ml 

j 

tufted  titmouse 

2 

Ml 

Ml 

m 

Ml 

HI 

brown  creeper 

1 

i 

house  wren 

1 

4 

Carolina  wren 

6 

11 

15 

6 

HI 

mockingbird 

8 

17 

HI 

Ml 

2 

brown  thrasher 

3 

17 

8 

3 

robin 

65 

28 

2 

■ 

wood  thrush 

Ml 

hermit  thrush 

3 

3 

eastern  bluebird 

34 

10 

Ml 

i 

_ i 

blue-gray  gnatcatcher 

2 

3 

■  i 

_ i 

ruby-crowned  kinglet 

24 

8 

12 

2 

. _ _ i 

loggerhead  shrike 

2 

Ml 

HI 

white -eyed  vireo 

3 

14 

HI 

solitary  vireo 

HI 

- r 

red-eyed  vireo 

2 

5 

black  &  white  warbler 

5 

prothonotary  warbler 


3 


3 
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Appendix  V-03.  (cont.) 


Study  Area  10  (Cont.) 


Species 

12/10 

m 

-3/11 

4/15 

5713 

brown-headed  cowbird 

!H 

m 

m 

|| 

scarlet  tanaqer 

i 

summer  tanager 

m 

2 

cardinal 

m 

69 

82 

38 

41 

indigo  bunting 

m 

(j| 

12 

13 

painted  bunting 

■1 

10 

American  goldfinch 

31 

53 

14 

pm 

■ 

| 

rufous-sided  towhee 

■1 

2 

1 

1 

savannah  sparrow 

5 

■ 

i 

Henslow's  sparrow 

• 

2 

LeConte's  sparrow 

i 

. 

slate-colored  junco 

36 

field  sparrow 

■1 

2 

2 

-- 

white-throated  sparrow 

87 

276 

55 

26 

fox  sparrow 

3 

Linco In's  spa rrow 

5 

2 

swamp  sparrow 

3 

11 

]. 

song  sparrow 

■1 

2 

Total  Individuals 

■HI 

mi 

mu 

m 

Total  Census  Species 

31 

51 

50 

55 

42  | 

Cttf.ua.  Dates 


ed  night  heron 


ppend 


hoveler 
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Appendix  V-05 

Creel  Census  -  Trinity  River  Survey 


Male:__ _ _ _  Fern 

Type  of  gear: _ 

No.  of  fishermen  in  party. 
Temperature :  Air: 

Kind  of  fishing:  Shore: 

Water  Condition: 


Fishes 


tted  Bass 


.  B1 


Black  Craupie 


5.  White  Cc 


6 .  White  Bass 


.  Channel  Catfish 


8.  Blue  Catfish 


9. 


Female: 


_  Time: _ _ 

_ _ No.  of  hours  fished 

_  Type  of  bait (a) 

_  Trinity  Project  Station  No. _ 

_  Water: 

Boat;  Trolling: _ Casting: 

Other: _ _ 


list  of  Pi 


No.  Le 


Rough 

Fishes 

!  70. 

Black  Bullhead  Catfish 

11. 

Yellow  Bullhead  Catfish 

12.  Flathead  Catfi 


13. 


14.  Smallaouth  Buffalo 


15.  Freshwater  Drum 


6.  Spotted  Gar 


i .  Longno**  ?  Gar 

18.  Alliqat ar  Gar 

19.  Other  ( ?pecify) 


Appendix  v-06 

Fisheries  Research  Data  Sheet 


Coll.  No. 


or  Country: 


County : 


Locality t 


Drainage: 


Water: 


Vegetation: 


Bottom: 


Shore: 


Temp: 


Distance  from  shore: 


Depth  of  capture 
Method  of  capture: 


Collected  by: 


Current: 


Tide: 


Depth  of  water: 


Orig.  preaerv . : 

Turbidity  (Jackson  Turbidity  Units}: 


Date: 


Time: 


Conductivity  (mhos) : 


COMMENTS: 
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Appendix  V-07 

FAMILY,  SCIENTIFIC,  AN  7  COMMON  NAMES  OF  FISHES  REPORTED 
FROM  THE  TRINITY  RIVER  DRAINAGE  SYSTEM 


Petromyzontidae 

Ichthyomyzo  i  gagei  -  southern  brook  lamprey 
Carcharhinidae 

Carcharhinus  leucas  -  bull  shark 


Dasyatidae 

Dasyatis  sabina  -  Atlantic  stingray 
Acipenseridae 

Scaphirhynclius  pi  itorynchus  -  shovelnose  sturgeon 
Polyodontidae 

Polyodon  spithula  -  paddlefish 
Lepisosteidae 

Lepisosteus  oculatus  -  spotted  gar 

Lepisosteus  osseus  -  longnose  gar 

Lepisosteus  platostomus  -  shortnose  gar 

Lepisosteus  spatula  -  alligator  gar 

L.  spatula  x  (presumably)  L^.  osseus  -  hybrid  gar 

Ami i dae 

Ami a  calva  -  bowfin 

Elopidae 

Elops  saurus  -  latfyfish 


Anguillidae 

Anguilla  ros  trata  -  American  eel 


Oph ichthidae 

Myrophis  punctatui  -  speckled  worm  eel 

C lupeidae 

Alosa  chrysochlor i s  -  skipjack  herring 
Br e voor tia  patronus  -  Gulf  menhaden 
Brevoor tia  g  -inter i  -  finescale  menhaden 
Dorosoma  cepedianum  -  gizzard  shad 
Dorosoma  pet  anense  -  threalfin  shad 

Engraulidae 

Anchoa  mi tch L 1 1  i  -  bay  anchovy 

'socidac 

E sox  america  ms  ve -miculatis  -  crass  pickerel 


» 
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Char  a'  iilao 


Cyprin idae 


Astyanax  mexicanu9  -  Mexican  tetra 


opis 


Not? 

Not?  opis 
Not?  opis 
Not?  opis 
Not?  opis 
Not?  opis 


Campos toma  anomalum  -  stoneroller 

Car.issius  auratus  -  goldfish 

Cyp 1 inus  carpio  -  carp 

Hybngnathus  placitus  -  plains  minnow 

Hybognathus  nuchalis  -  western  silvery  minnow 

Not(  migonus  crysoleucas  -  golden  shiner 

Not?  opis  amnis  -  pallid  shiner 

atherinoides  -  emerald  shiner 
atrocaudalis  -  blackspot  shiner 
buchanani  -  ghost  shiner 
f umeus  -  ribbon  shiner 
lutrensis  -  red  shiner 
potteri  -  chub  shiner 
sabinae  -  Sabine  shiner 
shumardi  -  silverband  shiner 
stramineus  -  sand  shiner 
texanus  -  weed  shiner 
umbratilis  -  redfin  shiner 
venustus  -  blacktail  shiner 
volucellus  -  mimic  shiner 
_  -1  utrensis  x  N[ .  venustua  -  red  x  blacktail 

shiner  hybrid 

Opsopoedus  emi lae  -  pugnose  minnow 
Phenacobius  mirabllis  -  suckermouth  minnow 
Pimi'phales  promelas  -  fathead  minnow 
Pimophales  vigilax  -  bullhead  minnow 
Semotilus  atromaculatus  -  creek  chub 


Not 

Not: 


>pis 


Notropis 
Notropis 
Notropis 
Not?  opis 
Notropis 
N 


Catostomidae 


Caroiodes 
Erimy zon 
Er imy zon 

1c  t  j.obus 
let  iQbus 
Min ytrema 
Mox' ) s  toma 
Mox  >stoma 


carpio  -  river  carpsucker 
oblongus  -  western  creek  chubs 
sucetta  -  western  lake  chubsuc 
bubalus  -  smallmouth  buffalo 
niqer  -  black  buffalo 
me lanops  -  spotted  sucker 
congestum  -  gray  redhorse 
poecilurum  -  blacktail  redhor 


uckei 

kor 


so 


Ictaluridae 


let alurus  f ur catus  -  blue  catfish 

me  las  -  black  bullhead  catfish 

_  natal i s  -  yellow  bullhead  catfish 

1  ur us  pun ctatus  -  channel  catfish 


let? lurus 
let  llurus 
let 


Not  ' r us  gvrinus  -  tadpole  mad tom 
Not  j  tus  micturnus  -  freckled  madtom 
Not  -  'US  f . 

Pyl' 


avus 


__ _ _____  stonecat 

ictis  olivari s  -  fla‘ 


h^ad  catfish 
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Ar i i dae 


ftrius  f e 1 i 3  -  sea  catfish 


Aphredoderidae 

AphredoderuB  sayanua  -  pirate  perch 

Belonidae 

Strongy lura  marina  -  Atlantic  needlefish 
Cyprinodontidae 

Cypr inodon  var ieqatus  -  sheepshead  minnow 
Fundulus  chrysotus  -  golden  topminnow 
Fundulus  qrandis  -  Gulf  killifish 
Fundulus  kansae  -  plains  killifish 
Fundulus  nottii  -  starhead  topminnow 
Fundulus  jenkinsi  -  saltmarsh  topminnow 
Fundulus  pulvereus  -  bayou  killifish 
Fundulus  notatus  -  blacksjripe  topminnow 
Fundulus  olivaeeus  -  blackspotted  topminnow 
Adinia  xenica  -  diamond  killifish 
Lucania  parva  -  rainwater  killifish 


Poeciliidae 

Gambusia  af finis  -  western  mosquitofish 
Poecilia  latipinna  -  sailfin  molly 


Atherinidae 

Labidesthes  sicculus  -  brook  silverside 
Membras  martinica  -  rough  silverside 
Menidia  audens  -  Mississippi  silverside 
Menidia  beryllina  -  tidewater  silverside 

Syngnathidae 

Syngnathus  scovel li  -  Gulf  pipefish 
Percichthyidae 

Morone  chrysops  -  white  bass 
Morone  saxatilis  -  striped  bass 
Morone  mississippiensis  -  yellow  bass 


Centrarchidae 

Centrarchus  macropterus  -  flier 
Chacnobry t tus  gulosus  -  warmouth 
Ambloplites  rupestris  -  rock  bass 
Lepomis  auritus  -  redbreast  sunfish 
Lepomis  cyanellus  -  green  sunfish 
Lepomis  humllis  -  orangespotted  sunfish 
Lepomis  macrochirus  -  bluegill 
Lepomis  marqinatus  -  dollar  sunfish 
Lepomis  megalotis  -  longear  sunfish 
Lepomis  mlcrolophus  -  redear  sunfish 


Lopomi 
Lopomi 
L  .  e  y  a 


L.  cyanellus 


Microp 

Microp 

Pomoxi 

Pomoxi 


s_  punc  tatus  -  spotted  sun  fish 

s.  symmetricus  -  bantam  sun  fish 

nollus  x  L.  macrochirus  -  green  x  bluogi.ll 

sunfish  hybrid 

ne 1 lus  x  L.  microlophus  -  green  x  redear 

sunfish  hybrid 

terus  punctulatus  -  spotted  bass 
terus  salmoides  -  largemouth  bass 
annular! s  -  white  crappie 
_s  nigromaculatus  -  black  crappie 


Elassomatidae 

Elassoma  zonatum  -  banded  pygmy  sunfish 


Percidae 


S ti zostedion  vitreum  -  walleye 
Ammocrypta  vivax  -  scaly  sand  darter 
Etheostoma  chlorosomum  -  bluntnose  darter 
Etheostoma  gracile  -  slough  darter 
Etheostoma  parvipinne  -  goldstripe  darter 
Etheostoma  proeliare  -  cypress  darter 
Etheostoma  spectabi le  -  orangethroat  darter 
Percina  caprodes  -  logperch 
Per cina  sciera  -  dusky  darter 


Spar idae 


Lagodon  rhomboides  -  pinfish 
Archosargus  probatocephalus  - 


sheepshead 


Sciaenidae 


C  i  chi idae 


Aplodinotus  qr unniens  -  freshwater  drum 
Cynoscion  arenar ius  -  sand  seatrout 
Cynoscion  nebulosus  -  spotted  seatrout 
Leiostomus  xan thurus  -  spot 
Micropogon  undulatus  -  Atlantic  croaker 
Pogonias  cromis  -  black  drum 
Sciaenops  ocellata  -  red  drum 


Ti lapia  mossambica  -  Mozambique  mouthbrooder 


Mug i 1 idao 


Agonos tomus  monticola  -  mountain  mullet 
Mugi 1  cephalus  -  striped  mullet 
Mugil  curema  -  white  mullet 


Eleotridae 


Dormitator  maculatus  -  fat  sleeper 


Gob  1 idae 


Gob ione 1 lus  boieosoma  -  dr  r ter  goby 
Gobione 1 lus  s  h  u  f  e  T  d  1 1  -  freshwater  goby 
Gob io soma  bos c i  -  naked  goby 


* 


Uot  hidae 

CitharichthY3  spilopterus  -  ba >  whiff 
Paralichthys  lethostiqma  -  southern  flounder 

Soleidae 

Achirus  1 ineatus  -  lines  sole 
Trinectes  maculatus  -  hogchok-sr 

Cynoglossidae 

Symphur us  plagiusa  -  blackche  ik  tonguefish 


